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PREFACE 



Tlie block svstem ia now in use im ovci- ^5.0(10 miles 
of railroad in America, and it seems likely tliat this 
mileage will be steadily increased. Ten years ago, 
wlien "American Practice in Block Signaling" was is- 
sued, only about one-tenth this number of miles of 
lailroad was worked in this manner; and but few rail- 
road companies appeared to deem block signals neces- 
asry. Now, over fifty roads have adopted the system 
f'nr at least a short length nf line, and 27 of them have 
it in use on over 100 miles each. This fact — that prom- 
inent companies all over the country now fully appre- 
ciate the value of the space-interval principle, and are 
imtting it in use (m their busiest lines — is the most im- 
portant one to be noted in this revised edition of 
"Aioerican Practice." But the numerous modiflcations 
and improvements in electrical and other machinery 
' <a«M in block signaling, which have been made since 
18!)(l areof atleast equal interest; and llii' linll; of the 
book is, of course, taken up with these. 

The matter has been entirely rewritten. Nearly or 
quite every mechanical or electrical device described 
in tlie former work has been impiMved or suju'rseded, 
iiiid the illustrations now given iin> ^ill new. llluini- It 
nated semaphores hiivr made im jnngress ;itni are ^ 
omitted. 

The aim has hccn to treai ihe subjei-l Irmii a pnif 
tical standpoint: to show ne11-ap|>rov<'(l practice, 
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ratlit*!- tliaii ideals or experiments, however desirable 
or hopeful these may be. History is touched upon only 
iiicidentallv. 

The student of block signaling; encounters interlock- 
ing lit almost every turn, and it is believed that no 
apology is necessary for adding to this work brief de- 
HcriptiiUiH of the principal tyi.>es of interlocking ma- 
chineH in use in America. In these descriptions, as in 
those of (he mechanical features of block signaling, 
the purpose* has been to show the methods of working, 
rather than <letails of material or construction. Signals 
and signal machinery have l>een developed by many 
dilTerent engineers and inventors, and the experience 
and studi(»s of th(»se men have been extensive and 
varied; so tliat the number of devices having merit is 
Iarg(». To adequately describe these, or even to out- 
line the prestMit **state of the art." would require a 
treatises and lead beyond the scope of this work. 

I have \i) acknowledge many courtesies from the 
signal (companies of whose machines and signals I 
have given accounts; from officers of the railroads 
whose practice is described, and from Messrs. Henry 
M. Sperry, George W. Blodgett and Sidney Johnson. 
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THE BLOCK SYSTEM 

CHArTEK I 
Tllli TKI-l'ir.KAPH BLOCK WVSTRM 

The terms "block sif^na!" jind "l)li)ck ayHl<*m" Lire 
Kiniiewhat arbitrary, but tlieir nieauing is simple, 
"lilock system" is used to desif^iate any meani 
maintaining a fixed minimum interval of space 
tween two railroad trains traveling in tlie same direc- 
tion on the same track. The system was used in Eng- 
hind long before it was tried in America; and the 
practice, with the accompanying development of ter- 
minology, was a gradual growth from the early times 
when a prescribed interval of time was the means 
usfd for avoiding rear collisions. The time interval 
Ik Btill in use on roads or parts of roads where trains 
aiually follow one another only at long intervals; and 
sIro on many other lines, the managers of which deem 
lln> cost of working the block system too great to be 
justified by their resources. 

The simplest method of maintainiiijr ;i sji;i 
between trains lias been designated by the 
Ilailway Association the "Telegraph Block Hystem. 
The first nse of this in America, af least on any ex- 
led Bcale, was mi wliat is now Ihe Penusylvania 
■oad, between Xew York aiul Philadi'liiliia, and Ihi' 

lies and prai-iin- of that fnml will be first describi-d. 

The railroad idnable trark) i« divided into block 
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tions, cath section, tor Iirfvitv. being called a block. 
These sections vary in length from less than a mile, 
where trains must be very frequent, to three miles oi 
even lonjiei-. where a lonner interval of time between 




■*B%^«^' 



trains will not cause inconvenient delays. The main 
line of the Philadelphia division of the Pennsylvania 



NOTE— Til c SPinnphore Blgnal (FIe. 2) Is ii>^ii:i 
ft, IiLkU. Tlie nrni Li" of wood and the post usiin 
tuljiiLnr iron posts 1j:ivp Lntely come Into use. Dii 
of the nrm Is pnltiti'il red. but yellow is the eol< 
niid dlstniit slgnnlK on tbe PcnnsylvntilR LliifH 
on the nnolnnntl, Now Orlcnna & Tesns Pnclfli 
& Alton. The color of n semnuhore, however. I 
the englnemon. Distant algnnls are linuallj- [jiiii 

r the luiokK or n 

en hr a 
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■St of PlttsbiiLgh 
rl on the Chicago 
no KlgD idea nee to 
feTcen. White la 
arms. At nlRht 
b the light shows 
■ roll glass helng 



THE TELEGRAPH BLOCK SYSTEM & 

from Pliiladelpbia westward to HarrUburg, is H 
mile» long and is divided into 51 blotk sections. U. 
bk)ck, near Leanian Place, is IS.S) miles long and twf ' 
otheiw, about ^0 miles east of Han-isbui'g, are 4 au. 
45 miles, respectively; but tbi'ougbout the rest of the 
division the lengtlis are much less. For exampk-, from 
Piiladftlphia to Glen Loch, 23.3 miles, the block sta- 
tions are those with which a. telegraph call is shown 
in the table on page 10. 

At the entrance to a block, A B, Fig. 1, is a sema 
pliore signal, u, by wbii^h the signalman or operator 



Piff. l.—Tijiiical Block Section Iiclii;ceii Xew York and Pkiladetiilii-i 

mil control passing trains. This semaphore, shown in 
Fijr. 2, is worked by a lever in the cabin, connection 
being made by an iron rod (gas pipe) or by wires. To 
stop a ti'ain the ann of the semaphore is put in the 
horizontal position (a, Fig. 2); to indicate that the 
block is clear it is put in the inclined position (b. Fig, 
-). The Pennsylvania formerly used, in block signal- 
ing, a disk, which was shown at or withdrawn from an 



bmusht tn front ot tbe lump by tUe niovempiit ot tJie sisiml nriu, 
AiintUer llgHt nrranKcmeDt ts Blinivn In Fie. M. 

It is the rate to set BeoiDphi-ire.s at the [l;;1it liiinil side of iln- 1 nick 
H'hicli tbi'j govern, and tlif arm always ('\(i>iirls or haiiir" "i Uie 
aide ot the post. The ■■onnhT weight, n.v.'il to the taliiiii'.' li-ver 
V the Bl^al. Is deslRned to Iri-iiir that, In en-i' 'if lirnaltftge iif 
sire or other ■■onnei^ilon betH'ii^n thf caWn Biul Ihf slsnal, the 
il arm thall nir.ve To tbe boii^onliil or "atop" |>o^.illon If it I- 
ilready tbere. Thr kidder (aeen In rif 2a) Ib to lunlilr the atteii'l 
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opening in a box, but tlio semaphore has been stand- 
ard now for manv vears. 

On the approach of a train going east (bound for 
New York) the signalman in cabin r, at A, if there is 
no train on tliat track between A and B, puts the arm 



Pcw<?lton Avon lit* ' 

K Blork Htutlon I 
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52(1 Street 

O H HUH'k Htatlon 
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— 



of the signal, a, in the inclined position, which informs 
the engineman that the track is clear as far as signal 
b at B. The train proceeds and, after it has passed, the 
signalman puts his signal back in the stop position. 
After the train has passed the signal at B, the signal- 
man there notifies A of the fact, and signal a may then 
be lowered whenever needed for another train. 
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At each signal station or cabin the signalman kei 
a record of trains in form like that here shown. 

TUiis facsimile shows the first few lines of one-lialf 
of a signalman's daily i-eport, the other half (showin 
westward trains) being in similar form. The en[j;rii\ 



PENNSYLVANIA RAILROAD 
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inj; is reduced somewhat from the actual sine, and the 

column for remarks is wider, in proimi'lion to the ntlier 

ns, than is here sliinvn. The sh.^et has a s[)ace 

cording the state of ihe weather iliiee times a 

and each operator records on it Mb name and the 

hours during which he serves, thus: J. Smith, 12 mid- 
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iiiglit to 7 a. m.: V. Jones, 7 a. m. to 7 p. m.; Smith, 7 
p. in. to 12 niidnigrlit. "Da" is the station west of Frank- 
lin Park and "Cn" is the station east. The engine 
ninnbors without train numbers denote freight trains 
not schiHiuled. The bhinks in certain items, as, for ex- 
jnnpK\ (Migiue 1,561 at Cn, are due to the fact that at 
iliis point the freight tracks, Nos. 2 and 3, are not or- 
<iinaril.v bh>ck-8ignaled. The reader will bear in mind 
fhat this is a four-track railroad; for a two-track road 
the coluiiins headed 'Track" would be omitted. 
The signalman's cabin c is usually a two-story frame 



U 



tl 



♦••'» t-\ 



I .1 1 ^ 
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/•'if/. J Looking Went 




12 3 4 

Fifj. 5 — Looking West 



building about 12 ft. x 15 ft., the office being in the 
second stiuy, where can be had a good view over the 
tops of rars. Wliere there are switches the cabin is 
made larjitM*, to give room for the interlocking frame. 
At sonu^ very small stations the signalman, who also 
is the only telegraph operator at the station, is in the 
station building, on the ground floor. The levers for 
working the signals stand in the middle of the cabin 
and the connections run out through the basement. 
Aside friuii the levers the only apparatus used by the 
signalman is the common Morse telegraph. He keeps 
white, nil and green flags, and lanterns of the s«ime 
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colors, for use iu case tlie regular apparatus slioi 
(ail. 

Figs- 3, 4, 5, ti, 7 sliuw diltei'enl iiiT;iiij,'(;mems of , 
signals. In Fig. 3 the ai-ms for both easthound aiid.J 
weatlioiind are on one post, aud one lamp placed be- 
tween the two arms answers for hoth. If the sif^ual in 
sootii of the tracks it must be high enough, so that 
«it£^enien passing on the north track can conveniently 
see it over the top of an easthound train. In Fii;s. 4 
and ,> there are four tracks, two westhiuind uit ilir 
H^rht and two easthound on the left, 

Bl^als on bracket posts are in some cases made of 
'different heights for different tracks. Thus, if tracks 



»5 1 ;iiid 4 were used for passenger trains and tracks " 

^4 8 for freig:ht trains, the posts of signals a and d 

W'OtJA be made 7 ft. higher than those of signals b and c. 

Ill Fig. 6 the signals are placed east and west of the 

stalioD, respectively, so that passenger trains, when 

stopped by tlie signal, will be in a convenient position 

■tj take and leave passengers. With signals arranged 

_ Vs in Fig. 3 or located as in Fig. 1 (exactly opposite the 

. station), convenience i-ciinit-es a rule jiermitting pas- 

m senger trains to run a slioii distancf pasta stop signal 

iK> ae to stf^ at tlie platform ;md thus ecmoiiiize time 

whenever it is ncii'ssary to wnil- for the lilnr]; section 

A to be cleared. 
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In Fi^. 7 a is called the home signal and b is the 
"Htart inj?" Hipmal. With this arrangement, an east- 
bound train which has to wait for a preceding train to 
I>HKK Ktation ( • before signal b can be lowered to the 
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■- 




♦ 


WfiT 






EAST 



TRACK 2 



STATION B 

Fig. 7 

"all-(;l(»ar" position, can stand at the station, between 
signals a jind b; and signal a being put in the stop 
position, the sigimlman (B) can notify station A to per- 
mit a following train to come on as far as a. 

In Fig. 8, d is a distant signal placed 1,000 ft. west 
of th<» westernmost stop signal, to be used to repeat the 
indi<'ation of tlie latter. This is to save the time of 
fast or iKMivy trains whenever, on account of fog, snow 
or smok<s or Ixnause there is a curv(» in the road, the 
liouH' signal cannot be seen b}' an approaching engine- 
man until 111* gets close to it. By being informed a 
thousand f(H»t away that the home signal is "all cleai*" 
the engiueman is saved the delay involved in slacken- 
ing the speed of his train in order to find out in season 
whether or not it will be safe to pass tlu» home signal. 
The distant signal is worked by a wins strung along- 
side of the track, on short stakes, and its lever is in- 
terlocked with that of the home signal, and also that of 
th(^ starting signal, so that the distant signal cannot 
be put in the clear position until both the others have 
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been put in that pusitiou. And before the Uome 
.Btarting signals can he put bjifk to the horizontal p. 
tlqn the distant must be put back, so lim to indicate ■ 
to an approaching enHioenian tJiai hf luusl expect t 
And the home signal at "stop." 

Distant signals ai-e generally ]il;iced not less thaji 
800 ft. nor more than 2,500 ft. from the home signal. 
Where the grade is descending it is customary to set 
the signal farther back than on level lines. Where t'wii 
Mock stations are near enough together the diatani 
signal of Station B can be put on the same post with 
the starting signal of station A, the distant arm being 
placed below the "stop" arm. 

Where block sections ai'e long it may frequently be 
found desirable to move two or more trains, one after 
tlie other, nearer together than the length of a block. 
To provide for this a "permisNive" signal is given, vir- 
tnally suspending the block system for the time. The 
signalman leaves his signal in its normal or "stop" 



position and shows to the enginemaa from the window 
of the cabin a green flag or {at night) a green light, 
indicating thereby tliat the last jirfceding ti'ain has 
nnl yet gone out from the farther end .if the block. The 
engineman who receives such ;i signal must move his 
train slowly eiimij;h to avoid tlie possibility of run- 
ning into the iirercding train. On straight lines, in 
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clear weather lu* may be able to maintain the speed at 
the rej^ular rate, but on curves, in hilly country he may 
have to rtiducu* it to ten miles an hour, or even less, for 
the precediiifi; train may have been compelled by some 
unforeH(*en (tircnmstance to come to a full stop on a 




5.«.0 






U 

b 
Vxg. 9 



K\}i 




sharp curve, where the view from the rear is obscured. 

Many of the sifjnals on the Pennsylvania are ar- 
ranged so as to give three indications, as shown in Fig. 
1), thus enabling the signalman to give a permissive 
signal with the semaphore alone. The semaphore cast- 
ing carries two glasses, a red and a green, the green 
being for the night indication of the position shown at 
b, Fig. 9. 

The position shown at a. Fig. 9, indicates all-clear, 
that at b indicates that the preceding train has not 
cleared the block section. 

On the Pennsylvania Lines West of Pittsburgh the 
three-position semaphore is so designed that in the all- 
clear position the arm will hang precisely vertical, as 
in Fig. 10. This arrangement makes a better distinc- 
tion between positions a and b, while at the same time 
it avoids placing the arm exactly in line with the post. 
If, with the signal shown in Fig. 9, the arm were put 
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in a vertical position, it would praetiea.lly be liid* 
and an appi-oat'lilii^' ongineinan would be in do 
whetlier it had iiol been accideutaliv bi-ukcn off wliUf ' 
in tbe Ktop positiou. Il is a fniidameutnl principle i 
all good signaling that tlie fiitriiieiiiiin shall reteivt 
poaitive information as to the state of tlie line. 

A tliree-posilion signal is woi'ked by rods; willi a 
wife the several positions could not lie maintained 
'■•tm^ sHflfioient accuracy. 

The following paragraphs in small type are the bloek 
aiynal regulations issued by the Pennsylvania Railroad 
to siftnalmen. enjiinemen, conductors and all conceraed. 
The refereiii-es are to explantory notes followiufr the 
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Ift THE BLOCK SYSTEM 

*JiIiCk No train must pass a block station while red is displayed. 
t'Xf'tflftUtii under the circumstances herein provided for. 

A train approaching a blo<'k station must so run that it can be 
¥tt/itif4fi\ before the engine passes the signal, if the signal to pro- 
*t*iii\ \n not displayed'. 

A train must not be backed after stopping at a block station*. 
If from any cause the engine shall have passed the signal without 
t^ut Hignal to proc(M»d having been displayed the conductor will 
l^rff/iially direct the engincman to proceed, after the proper signal 
iM diHplayed. 

lit iUti alittence of any signal at a block station trains must stop 
and iiMC'ertain the cause. 

If a train arriv<»H at a block station where the operator is ab- 
m'tti or disabled, or where the signal is not working, and orders 
i'UHiuA \jo obtained, the train shall proceed as if green were dis- 
filaywi". XI there is an operator on duty and he cannot get orders 
for the train, he must give it written notice of the reason for the 
proper Hignal not being displayed. 

If the telegraph line fails after a train enters a block, and the 
tilor'k cannot be aH('(>rtained to be clear for an approaching train, 
hHi'U train shall be stopped by red and notified by the operator in 
writing, (ireen shall then be displayed for the train to proceed. 
\V\ufrti the absolute block is used, it shall proceed, after getting 
such notice, as if green were displayed*. 

'HHi. When a train approaches a block station white will be 
displayed, if there is no train upon tlie block ahead. 

•J<l7. Where the absolute block is used, red must continue to be 
displayed after a train has entered a block until it has cleared it. 

2^)8. Where the permissive block is used, red must continue to 
be displayed after a passenger train has entered a block until it 
has cleared it. After any other than a passenger train has en- 
tered a block, and has not cleared it, green must be displayed 
for any following train approaching. If the following train is a 
passenger train, it must first be stopped by red and notified that 
there is n train ahead, unless the latter has had time to roach 
a crossing or siding on the block\ 

2if.). When a train is required to cross over to the opposite track 
betwecif block stations, the conductor, before crossing over, must 
HO notify tlie operator at tlie block station to be last passed. This 
operator must notify the operator at the next block station in the 
direction in which the train is moving, who must display jrreen 
for any train approaching on the oi)p()site track, until informed 
that the train that was to cross over has reached one of the block 
stations. The train must not enter the block until the conductor 
is informed that the operator at the next block station has been so 
notified, and Rules Nos. 100, 101 and 102 must be observed\ 
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the mniu trauk until thi' siciiul tu |iro<;vcd is given. This ^ 

It la to iTior 1IIH1II (.[■ 1 111-.K. -Siii'li |iTOl (.■(.■ t inn must be by iiotic 

to tbe liiiiik -i,ri..ii- -.r-.iiiiT airi-i-tiims and by tin- vise of s 

nalB us I. .Ill I ■! I . ■■ III- liy lixi^l liistiiiit aigUflis. 

211. <']■<- ..- I- 1.1- ■■■iiLiiily ri-()m7t tn the uext l.liick statiuti! 

in escli <lin' 'i<<:i i'k' iiiiiiiit uf tniiiis passing thi-ir stations. 

A. train qliisi mn bi> rfporloil ns haviiit: iiii-isiil vinii! tlii' rear eml 
Imw passed at least llll) yanls lieyoDd tlic blnvl; siiriial". 

212. When a iiassfiit'er train i.s stopped by Clu' lilncl- sii;ii:il al 
ft alotiun where it ret'eives or discharges passeoj-i'i-^, it niiiy run 
fo the platform, and, if the bloct signal eanuot be si>i>ii l>y tiio 
eit^iiieman, the conduetor will, after the proper signal is dispinrcEl. 
|)i;rsoiially direct him tn proceed"'. 

m3. If a train jiaxsiiiK a \-f-"k slnlinu iiti^i no miirlirM displnjed, 

ahead, who must silj-i ■ ■ .i .i- |. l;i ■ \ '.j ilii' train 



215. Oiiin-iUors Mill bi> woii'i'iii"! liy Hii' foll.nvii 

"~i" Is the track clenrV 

■No. 1" Track is not clear— hold (he '.riiii. 

"U K 35" Track is clear— let train come on". 

216. The rules relating to Block iJiifuuU ilu n 
laen, from observing all mles in regard to the pr 



NOTES ON THE Hll.ES 

(1). Will not oljserve the time- interval rules. (2). A 
signal must not be faatfucd in a position to permit 
ti'iiiiis to paBB, lest tlie siojialnifln lum hia attcntinn to 
mliur duties and forj;(.'t what or Imw many iiiiins he 
has permitted to enter tlie tilnrl;. 

(3). To guard ii;;;iinBt vii)hili"Qe of tliis rule wLirr 
tl ere ia no disiant sijmal, ilu- rillO-ft. leeway, pni\-ided 
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for in Rule 211, is prescribed. In some cases this lee- 
way is made 900 ft. 

{4). Thv movement of a train is from erne point to 
another. A train, after passing any jriven point has 
surrendered the track at that point to foHowing trains 
and has no right to it whatever. This principle is 
fundamental in train movement, though not often men- 
tioned in rules. It is especially important where per- 
missive* block-signaling is practiced, as the engineman 
of train B, closely following train A, may be depending 
upon the movement of the tail end of train A, on which 
he constantly keeps his eye, to guide him in the regu- 
lation of the speed of his own train. 

(5). It is to be borne in mind that these regulations 
are for a double track railroad. On a single track, with 
trains liable to come from the other directicm, the fail- 
ure of the telegraph wire or the disablement of the 
c»perator would compel a ti'ain in such a situation to 
wait indefinitely, or to proceed only after sending a 
man ahead with stop signals, the train then following 
far enough behind him to give room for any opposing 
train to be stopped. Only in this way can the block 
system alfoi-d full protection from collision on a single 
track line. 

CO). This refers to block sections wher(% ordinarily, 
no permissive blocking is authorized. 

(T), Ordinarily passenger trains are never stopped as 
prescribed in Rule 208. The time at which a passenger 
train is due, say, at station B, is known to the con- 
ductor of any preceding inferior train, and hi* calcu- 
lates to clear station C before the passenger is due at 
B. If he cannot do this he does not ent(M- block B (\ 
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bot puts his train on a side track and waits fo 
passenger train to go ahead of him. If the passti 
train is known to 1h' liehind time the train despatch' 
who keeps a constant record of all traina and tli 
whereabouts, notifies the conductor of the inferio. - 
train so that he can go on ahead of the passenger. 

(8). The conductor of a train on track No. 2. moving 
from B toward C, desiring to cross o\ev to track No. 
"1, notifies tlie signalman at B; B informs C, and C 
cautions trains on track No. 1 moving toward B, ac- 
cording to the rule. Rules 100, 101 and 102 require a 



train crossing over to send out a flagman on track L 
in the direction of C; and prescribe the method of pro- 
cedure if a freight gets caught at the crossover when 
superior trains are due from both directions. 
, Crossorer tracks which ai'e near a signal cabin — saj 
within 500 to 1,000 ft— can be watched b,v the signal- 
man. At the principal stations on the Pennsylvania 
iT'tbe switches of such crossovers, as well as those leading 
to side tracks, are worked from the signal cabin and 
their levers are interlocked with those of the signals, 
so that it is mechanically impossible for the attendant 
to £;ive a clear signiil In a train unless the swiichen are 
:he right position. Switches rennote from a cabin 
V be controllctl from the cabin either li\ an eleclrii' 
lock or by midvin^' the signalman the sole custodian of 
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(Ih» kvy \o the switch. The latter method has not been 
iiwmI to Hiiv t^xteiit in America: electric locks are used 
III M fow pluceH, 

il>). Kee Note a, aU>ve. 

(It)). H4H« illKcuMHiou of diagram. Fig. tk 

(11). MarktU'K ai*e the tlags or lights at the rear end 
of fi train. Their abseiuv indicates that the train has 
lirokiMt apart and that a jHirtion of its cars have been 
h'ft iM^lihid, The signal prt^scribtnl in Rule 62 informs 
Mil' trainmen that thev have K>st a (Kirt of their train. 

(I«). TheNe Hlgnals are purely arbitrary. The second 
one ineanN "No; wait/* the numeral "V* being the cns- 
loniary telegraphle signal for *'wait.** 

( |M), No. 2 HI refers to the long standing rules for the 
|»ro(eetlon of trnlns front eollisiou when running under 
llie (line Intt^rval system. Thest* rules, until recently, 
were very prt*else and t*lalH>rate. and in many situations 
would iMMjitlre a tiagman to go Imek half a mile, and 
very llUely delay his own or a following train, when 
IiIn ^otng hark was unntnvss^iry. With fast trains run- 
ning not more* than three minutes apart, as is possible 
widi tlie block systt^m, but is not allowed with the time 
liHerval Hysteni (under whieh the tiaggiug rules have 
been <lev4»lop<Ml)» a tlagnian may at times tind it im- 
poHslble to earry out his regulations. Moreover, with the 
knowledge* that tin* block system is designeil to make 
rolllMloiiM impossible, which flagmen and all concerned 
learn by olmt^rvation, all hands come to look upon ttag- 
ging as unncK-essary: and, as a consequence, the en- 
forcement of the rules l>ecomes difficult. The Pennsvl- 
vania flagging rule is now that of the standard code of 
the American Railwav Association, which is verv brief. 



leaving large discretion to the conductor, who 
coarse, is responsible foi- the efficient performanc-. 
duty by the flagiiisui. The rule n>ads: 

99. When a train Btups nr is lioliiyod imdt'r oircumstiiufes 
wMcb it may be overtaken iiy another train the HaKiu.i'i must ^^- 
bftck innuediately with stop signals n snfficient liistancH tii insure 
fuH protection. When recalled lie may icliim to his Imiii, lir.sl 
plw^ng two torpedoes on the rail when llii iilitimys n^nnin' it, 

COST OF INSTALLATION AND MAINTENAX*'!-; 
From what has been said concerning the diffei'enl 
lU'i'iingements of signals it will be seen that the cost of 
the ap]iaratus necessary for block siRnaling will varv 
according to the extent of the conveniences provided. 
'I'lu.' simplest semaphore, with connections to the office. 
can be estimated at |50 to $75. The addition of start- 
ing or distant signals wonid increase the cost nearly 
In proportion to the increase in the number of signals. 
Where an additional telegraph wire has to be put up 
ill consequence of the introduction of the block sys- 
tem the cost of wire (iron) in place will be about |25 
to f3.5 a mile, the poles being already in place. Copper 
*ire costs several times as much per pound as iron, 
hut a smaller size can lie used, so that the additional 
i-ost of a line would be perhaps |20 a mile. The tele- 
■ . graph instruments for an office (one line) will coal 
about ¥10. There nnist be a main battery every Ave 
or ten miles, as on a busy road not more than from 
four to eight offices can nae the snuie wire. .V two- 
Ktiii-y signalman's cahin cnsts aboul ^500. A caliin not 
arge to be ranied on a platform c8i' — say not over 
.1. square — i-aii he built in iUr sbops a! tiuich Rmallcr 
i-iist. Bnt thiN, uf coHrsf, i;iii hi' done only where the 
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road beiweeu the shop and the proposed location is 
suflScientlT free from side and overhead obstructions 
to permit the transportation of the cabin. 

With The telegraph bkn-k system the principal item 
of maintenance is the wages of operators and insj>ec- 
tors, to which is to be added the maintenance of build- 
ings, with fuel and lights, where a building is erected 
especiallT for this service. At stations where opera- 
tors have no switches to attend to, and no other work 
of anv kind, thev work 12 hours each, dailv, seven davs 
in the week. The pay for these men on the Pennsyl- 
vania is from 1^45 to ^oo monthly. Where the duties 
are more complex the pay is higher, and where a con- 
siderable number of interlocking switches is operated, 
the working time for each man is eight hours daily. 
The men at these important cabins ai-e paid, on the 
Pennsylvania, from $50 to $70 i>er month. The duties 
of the inspectors are light, as far as simple block sta- 
tions are concerned. Their work is chiefly in connec- 
tion with the interlocking apparatus of switches and 
the signals which control them, and the time spent in- 
specting simple block stations is treated as a secondary 
matter. 



THE TKLKGltAl'Il BLOCK SVS'ri-;.\l.-f-,»/(.;»i,/ 
THE WEST SHOKIO, THK lOItll': AMI TIIK I5L'1![.1 M^TIIN" 

The most praiiiineut roads wliicli ado|iH.-il Mic lilmk 
system uest after the Pennsylvania were tbe Xi'w Ymk 
I'l-iiiral & Hudson River, the Erie, tlie Chicago. Biir- 
linj;iun & Quincy and the West Shore, the latter now 
a part of the Xew York Central. The Central early 
adt^ted electric locking apparatns for controlling the 
ii|iei:iti(in of the signals in one cabin by apparatus 
iiiiiiii|julated in another, and its practice will be de- 
uccibed in a subsequent chapter. 

OD the West Shore tlie practice is substantially the 
Bame as that of the Peuusylvania, already described, 
timugh, in consequence of tbe much smaller volume of 
Inisiness. the arrangements are less elaborate. Nearly 
all the signal offices are in the stations. PermisBive 
signaling is done only by written notice. That is to 
say. if a train is to enter a Moetv section before the last 
prcicding train has cleared it, tlie signalman, before 
permitting it to pass his office, delivers to tlie con- 
ductor and engiiieman each a nnlicr in toi-iii like the 
following: 

WEST SHORE HAII.Kn.vD— BL'iCK CLEARANt'l': 
A- . 8,10 4. M,, I'LC. 26, laiii. 
Tn CondHPtor nnH Ciijiiiniiinn Bitrn Mil: 

No. 3 lefl li.Tr :it 7.B0 A. M N'ot Clear pU H al 

S.ft-i A. M. ii9 Smltli. "pJTiitor. 

A signalninn i>n ilic Wesi Silnu'o does mil record the 
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tinu? of trains at the preceding station; B records the 
lime at B and at C, but not at A. 

Where a freight conductor puts his train on a side 
track to be i)a8Hed by more than one superior train, 
and i\n* side track is not within the control of the 
signalman, the conductor sends word to the block- 
signal ofllice what and how many trains he intends to 
wait for, thus guarding against misunderstanding. 

The \\'(*st Shore road was opened from Weehawken 
to Albany June 9, ISS;^ and to Buffalo January 1, 1884; 
and i\w block system was put in use from the start. 

T\w Kiie road (east of Buffalo and Salamanca) be- 
gan using tlu» block system in 1887. For about 4G 
miles, near New York (Jersey City to Turners) electri- 
cally lock(Ml api)aratus is usihI, but on the rest of the 
road the practice is substantially the same as that 
which lias been descriln^d, except that bells, with a 
brief code, are used, instead of the Morse telegraph 
with its comprehensive code. Thus the Erie was the 
first road in this country to establish block stations 
without the "Morse." The New York Central had sev- 
eral years before that put in use the Sykes apparatus 
on a few miles of its busv lines close to New York 
City, but every cabin had the telegraph also. The Erie 
in adopting bells and bell signals in place of the tele- 
graph made a new departure, the radical difference 
betw een its method and that of most other roads being 
that in .an emergency new signalmen could be obtained 
at shorter notice. The process of learning to send and 
receive at good speed by the Morse telegraph is very 
slow. With the bells but a limited code of signals is 
possible or is attempted; and the code which is in 
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■^Vi^y-djiy use am] iiiiisl lie .■niiiinil li'il 1i> iiH;iiicii-y 
eiceedingly liriof, and i mii \n- tiiiistcrrd liy anyoni^ in , 
few ininiiteB. 

At the present time the greiiter simiilirii i >■( ilic liell 
code gives little or no advjiiihi^i', in llir in;ilicr iif 
wages, beciiiise telegraph ■operatois wiili lonwiik-riible 
etpwience can generally be hired fnr the same pay 
that is required to secure nou-telegi'aphers of the re- 
quisite mental equipment and moral diaraeter to per- 
Uii-m the duties of a signalman. 

Tlu'oughont the Erie lines the signalman is forbidden 
to give permissive signals except when authorized by 
the train «lespat<her to do so. 

Tile apparatus used in Erie signal cabins is almost 
as simple as a common electric door belt. Each cabin 
baa two ordinary vibrating bells. The code of signals' 
ia similar in principle to that which has been used for 
many years in England. The arrangement of the bells, 
baltcries and wires in two adjoining cabins is shown 
' in Fig. 12. The apparatus a( (he first station is shown 
at A, and tliat at ttie sccim.i at K The bell a is that 
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•>a wtLiKti A r«*viriv*** -^triaL* tfrMoi r^ ae-xr isianon to 
the w«e*i:. E^ i bt^ •■)(? Laj^r^r sLai*-,. .^i^rcii^c a different 
tone. 2iT»e* tLtm lib*> '^uroai:*' iboai rjie aexir miration to 
the east -B'. At - '> niite TOJisnirrtmiE kej. having 
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upper and lower contaot;s< The featterx is indicated by 
X, and G is the ground. 

The tnmsmitting key ^r' is shown on a larger scale in 
Fig. i:^, in which A is a cross piece ab»>Te or ootside 
of the kev. The full line shows the •^onnection to the 
upper contact, against which the key is normally 
pressed by a strong spring, and the dotted line is the 
connection to the lower contact. 

Referring to Fig. 12, the depresaon of key r rings 
the bell F at station B. the circuit being from the bat- 
tery at A through key r. the line, upper contact of 
key r and wire 2. The depression of key t" at B in the 
?ianie manner rings bell E at A. 

Hell n at B gives signals from the next cabin. C. 

The cost of fitting up a cabin with the bell apparatus 
JH not materially different from that of equipping with 
the Morne telegraph. 
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^fgte Erie has the block system on a number of sing 
Sj^y^iiiet^. On sm-h lines, where there are block st^ 

bell code, for blocking opposite trainw is as fnlluns: 
The signalman at B, Fiji'. 14, rec-eivitiK wnfil liiim A 
that a tr^in is proceeding toward 15, at nm-r iioiiti(.>s i' 
'Qiat such a train is coming; the sigualmaii ai C IIhmi 
takes care that no train leaves C going toward ['. unlil 
the. train just signaled from A arrives at C. Tliis is in 
addition to the regular bell signaling for making surf 
thai i-ach block (A to B and B to C) is clear, before any 
traJB is permitted to enter that block. 

The arrangement of the signals at a typical blocl; 
station of the Erie is shown in Fig. 15. The middle 
traik. s 9 V y, is a siding to be used by freight trains 
whicit liave to be set off to be passed by passenger 
trains. The switches, x x and z z, are worked by 
leTers in the caiiin, each pair of switches by a single 
k'\fi-. The levers are suitably interlocked with the sig- 
nals, so tiiat a switch I'annot be moved inilil llie sigualw 



Fin. I', 

which regulate the approach of trains to it are the 
"stop" position. The signals are all worked by levers 
Ml tlie cabin. The switclirs. e at the r.ntgoing ends of 
the lurnouts are worked liy hand, no: l»'ing conni-cii'd 
to the machine in the cabin, hnt they each hare an elec- 
tric lock, connected hy wire with the cabin, and they 
are thus under tIic control of tlie signalman. In con- 



w 



THK Hl.m^K SYSTEM 



ntu'iUiu with iMM'h ot tht'so switches is a derailing 
NwHrli. 711', workiMl hy tin* wuuo lovor. When the switch 
ii« Ni'l fur Ihi* tniilti triM'k tho tlorailin}? switch is set to 
Um'ow nIT from ihi» nillw anv oar or train whixjh may by 
iU't'UU*ui or olhorwiHo Ih' nioved on the turnout toward 
lUo ninln fnirk. 

TIm* iiri'MnKiMtMMitH an* pn»rlsely alike for eastbound 
immI hi'nIInmiimI tralnn. On the apprtmoh of a train from 
Hit* wtm\ Ion tnirk No. 2), whleh Is to wait at this sta- 
iUtu tnv n ti\n\rv train to pasH lt« the sl^rnalnian sets the 
NWifrhi'M, /, f„ ami pnllH <lown the lower arm of the 
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Immim' nIi^imiI h'. wlilrh ^IveM the englnenmn the indica- 
tion I'o prniMMMl from tt*a(*k *J to the turnout v v. This 
tiniMtiil In Inti^ i'non^:h to holtl the lonp'st train, or, 
Na.v, l(M» iniN, i.tltltJ ft. After the train has cleared the 
main Irark, llii* kwIIcIm'h. y. /.» are stM straijjht, the lower 
arm of h^ In renlonMl to the stop positicm^ and then by 
pulling flown the upper arm the sipml is ^iven 
for till' fanl I rain to pass through without stopping. 
If tlM» aflvahce Hip:nal a- mix be cleared, the distant 
slj^nal iV ciiii jiIho be ch^anMl, thus ji:ivin>]: the enjjine- 
nuin ample notice of tin* posit iim of h- b(»fore he reaches 
it, an<l thuH making: it unnecessary for him to slacken 
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StpistA, even in case of a dense fog. After the passa 
0(1^4; fast train, the couductor of the slow traiu, sia- ■ 
tkmed at e^ commuuirates by an electric bell, the ap- , 
paraius of which is fixed iu a box on a post near the.^ 
•witch, with the signalman in the cabin; and iu re 
8p<HU9e to this comnmnicatiOD he receives notice, an 
8O0D as the fast train has reached thi' next station. 
tliatlie may set the switch for the side track and move 
his train to the main track. The signalman, wliilc 
{living this notice to the conductor, relesises tlie clecli'ic 
lock on the switch. After the train has cleared the 
turnout and the switch, the conductor sets the switch . 
(op the main track and notifies the signalman, by the 
bell, that he has done so. Having given this informa- 
tion, he is at liberty to proceed to the next station, the 
signalnian having made sure that the road is clear to 
tiiat station before he lets the freight train out. The 
signal a^ is controlled by switch e^ the lever in the 
cabin which works this signal being locked by an elec- 
■ trie lock which is governed by the position of the 
tnritcfa. Signal a^ is placed only about 1,500 ft. from 
■ftie cabin, for the reason that if it were fixed ne-arer 
the switch, say at k, it would be too far from the cabin 
to be worked conveniently. 

Dwarf signals, f f, are provided for use when trains 
have to back out of the middle track. 

The arrangement of the lock for an outlying switch 
JM whown in Fig. 16. In ihc cabin there is a hand switch, 
a, and an electro-magiieric lock, L, wJiiCh, when de- 
magnetized, locks (h(^, lever of the ttigual a-. To the 
arm of this signal is attached a commutalor. a'-, which 
is cliiscd only «lirti this ami is iu the slop position. 
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r./ A ^-ril, '*.-^ ■ :?■••-'::" ■■■- iBif-^.l i'*!' n-:*": *Lv*ti in: thie-dniw- 
IrrgL ^ir-'i 'trr ^.^Li^lzL^Ti:, 'A jv^.c^ **> ^'•rrnnii^ rjkie- freight 

''.'■:i:ri •»> Kiv'^-r, ••"-.n* L> Liii-i **wi^.c3i z ^»i> ith«e fight- 

•r.:-'j«nifr. »i>r L "iTv- i. >•.£ L- -:'Ei 'Lr *«i*-"h and hark 
^■*r 'T^fr \<§rr*rTT, Tfc*: ariL^'^rrr •>tf L* ijcs l-etiia lifted re- 
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fUit'^ttv. If will Is*- ohservtfd that this rircuit eoald not 
h;iv<r \9''*'U uiH<h- ijnl^rss lock L was demajnietized, thus 
UhMutti th^r krv^fi- of Signal j- in the normal or step 
\fhf»Uu,fi: uht unless thr- sijrnal was in the stop posi- 
hon k^'epifijf oonmniTafoi* a- r-los^-il. 

The opening of the switch !»v the eonduetor open8 
ih'- 'rorriMiutator at S. whic-h breaks the rin-uit through 
th'- rnatrri'-tH of lock L on the levi-r in the cabin. This 
\fn'Vi'UM* tli*' MJ^nalrnan from inadvertently lowering 
}^ij.Mial a' Ut jK'rroit anoth^'r train to profef*d toward the 
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mi sy laced switcli. Tliis cii-ciiit, wiiu'li runa tbrou 
the left-hand nmlai-t [niiiir iif switfli */ in the cahln, alsi. 
rnns through the iiiiiiatiirr uf lurk L- <in tlu- switdi. so 
that it caunot be coiupii-ti-d exi-c|ht w?ii>ii ilic wwildi ia 
set for the maiu ti-ack and is locked. Tlu' si^riialiiiaTi. 
to permit the jiaasiifie of si train on Ihc ni;iin iiaik. 
must pull the signal lever at L, and tliis hr ran ,U. oul,\ 
whea his electric Bwitcli a has been tiiriicd ii. iln* Irfi 

Iliiind point. 
The officers of the Erii- liiid Ihal lln' insl of csiah 
Jiidiiug a simplf block station — that is, a labiu, with 
the Bocessary fiirnitnre and tittcd witli apparatus liki* 
that reft'i'red to in ■■'ig. 12, is about five hundred dol- 
lars. Tlie signaling for a passing station, like that 
shown in Tig. 15, costs abont fli,700. This includes the 
cabin, the interlocking machine and connections, two 
dwarf and six high signals itwii of the latter with two 
arms each) and the electric lucks foi- tin- uullyin-: 
sniiches, w-itli their coniicclioiis. 

-rUe Chicago. Burlington & Quinc.v is Ihe remaining 
'«ne of the four I'ailroads which made the earliest use 
of the simiile lelegraph block sysleni on double track 
in America. About ISSil This I'oad put up signals and 
cabins (usually remote from a station) along its double 
track line from Chicago to Aui'ora. ;!7 miles. Since 
theD the space interval system has been put in use, but 
«i1hoiit special cabins or signals, on Ihe rest of the 
mair) line through to llic .MisBouri Itivei^: andauiomalic 
Lilotk signals are in use for four miles out of Cliicrigu;- 
but the part of tln' plant which calls foi' alleutiun in 
this place is thai lutween W'esiern Avenue ii'hicagoi 
' and Aurora, a.'l mih-.s. On Uiis section llie [iracticn i.-;. 
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in the main, the same as on the Pennsylvania, and it 
will be sufficient to note the points in which it differs. 

The first difference is in the special arrangement of 
signals for three tracks and for permissive blocking. 
On this section there is a third main track. The mid- 
dle track is used for westbound movements (chiefly 
freight) during 12 hours of the day (4 p. m. to 4 a- m.), 
and for eastboand during the remaining 12 hoars. The 
arrangement of signals for these tracks is shown in 
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Fig. n— Block Signals on the Three-Track Line of the 
Chicago, Burlington d Quincy 



Fig. 17. The signals at the left side of the bracket post 
are for the middle track. The lower arm is not a dis- 
tant signal, but is for use in permissive signaling. To 
allow a train to proceed before the preceding train has 
cleared the block section the signalman lowers the up- 
per arm, but leav(*H the notched arm in the horizontal 
position. When both arms are lowei'ed the engineman 
knows that the section is clear. TIk* permissive signal 
is given only by a special ordei- from the train des- 
patcher, which the signalman must record in his book. 
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The despatcher uevcr liIIows more than two trains 
the same block al the same time, and he usually 
qalrCs a time interval of two minutes at the entriiricr 
of flie block. At ui;ilit aud duHng a fof; iln' rule if 
quires the signalman to bring a train to a slop Ih-Ioim- 
pei^itting it to proceed under the peniiissivc sii,mal. 
Bust of Clyde this rule is in force at all liiui's. hihI tln' 
rignalman must deliver to the pngineimiii a uiilli'ii 
□otice ("t-aution card") advising him that he may ex- 
pect to find the preceding train in the block section. 
A uother rule in force east of Clyde reriuires the signal- 
ntan to restore Bema[»hores to the horizontal position 
after the engine and two cars of a train have passed, 
instead of waiting until the rear car has passed. 

From Western Avenue tn Clyde, fdur miles, signals 
ai'e given by bells, as on the Kiie; frdiii Clyde to Au- 
Kwa by Morse telegraph. 



i HAITKK ill 

Tin: TKLKIJUAPII HIAH'K SYSTEM OX SINGLE TKACK 

The block system is now hirjjely used on single track 
mil roads; and on all but a very few of the lines thus 
worked, the ])lain "telegraph bhK-k" is the method em- 
ploy (m1. Although the space interval is as well adapted 
(o siugk' track as to double, and, under the same cir- 
cumstances, as necessary on one as on the other, it 
was at first confined chiefly to double track lines; and 
the cha]»ters preceding this one deal with double track 
practice (although the roads named have also intro- 
duced blocking on some of their single ti*ack lines). 

One reason whv double track lines were first 
**blocked" was the obvious one that such lines had the 
most frequent trains. The introduction of the block 
system was costly, becaust* it nHpiiriMl telegraph opera- 
tors at many points where otherwise none would have 
been emi)loyed : and this was a more serious consideru- 
tion 20 years ago than it is now, as competent telegra]>h 
operators were not at that time so easily found as now. 
Cost being such an important factor, only lines carry- 
ing a large traftic were thought of in connection with 
the improvement, and such lim»s wen* usually double- 
track. The cost miglit liave bet»n somewhat lessened 
by using electric bells, and a brief code, instead of the 
Morse telegra])h, witli its com]>h»te code, as new signal- 
men could l(»arn the mani]»ulati()n of the bells in a very 
short time, and ]»laces could be tilled at smaller wages; 
but from a general disinclination to adopt Knglisli no- 
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dtniB, or by reasnn of the rnutious, not to say UDcaS> 
tain, spirit in wiiiili tlic blucli systeDi was in mnit j 
oaaes introduced, ilii- usi' nf liclls wns inn considei-nl 
natil about lS8s. (■)1ini(j;li \\,r S>\\ Vmk Ci-iiliaJ ii.-rfl 
the Bylvps a|ipai-iiliis mi ,i few milis of ruinl iipar New 
Yoplt. This may ijf .■oiisidi'i-i'il ;i;i cxii'i.iioH;!! i;isii. 
Again, the siugle-tnu-k roads, bef-iilis li;i\iii^ -.i fliiiiiiiT 
traflic, felt more coiitidence in tin- niriliuils \\ liii-li ilir,\ 
already iiad in force. Tlie train despatobci- mi a siii^li' 

, ti'arli I'oad is constantly arranging space intervals for 
trains running toward one auotlier, and in doing tliis 
he can exercise direct supL'i- vision, in many cases, over 
the movements of trains following one another. 

The first single track railroad in America which 

: came prominently into notice as running trains under 
_JJie block system was the Canadian Pacific, which began 
'-Bring it in 1884. It is somewhat ciiriuns that while, 
on double track, blocking was iirst introduced on ae- 
I'liuut of the increasing frequency of trains, this first 
single-track example should be on a line of pretty thin 
traffic. Quite likely the olficerH of the Canadian Pa- 
cific were influenced by English ideas more than was 
ibe case witli their neighbors in the United States; 
and their English friends would, no doubt, advise the 
use of the spat'C interval on all lines where the in- 
creased cost over the time interval wa-s not great. With 
trains an hour or more behind one anotiier, the block 
sysleni is feasible, even with stations '20 miles apart; 
anil where the general duties of ilie station ap-ut are 
light he can maintain ilir space inirrval for smli in- 
freqiii'ut trains with little ap|ireciable aihliiioD to hi- 
laliiirs. It ma> \»' objected lliat if trains are an hour 
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ajiarL tiiai iis juKt tlH* }»latt- wLt^rt- tbt- block f5T«tem i« 
l^^aKt needed : bui tLe faci thai a road> traiiM; are re^- 
larlv kejiT Be}»arated bT a Icnijr «}»ace intervaL main- 
taiued by tele^rrajiiL hap a valoe a*i an adTertif^einent, 
and it w quiie likelx that the Oanadian Pacific pe<^le 
f ul]v ajipreciaied thip coneideraticin. 

It its al»o lo l»e (ibserred that in a w»ld conntrT like 
tiiat tj-averned hj the Canadian Pacific the exigeDcies 
Ktf irregular traffic develo]* the need of the fpaoe in- 
ter \aJ sooner tlian in ndld climates. In a |?eniriiie bliE- 
wird. M'ith the mercurr 40 degree^i l»elow xerou a iU^- 
inan out a mile in>m his train, and perhaps ^ve or ten 
niileisi from a hou»e, is a poor protection against a cc4- 
liKiou. 

Another ix>nsiderati<»n which, undoubtedly, may 
fairly be clawi^ed as having l^een an important factor 
in the argument for using the space interral on angle 
tiaek roads, is the quality of the discipline of the train- 
men- A double track line, carrying large numbers of 
passengers, and seeking the highest safety for its pa»- 
^s^uj/L^r%, would adopt the spiace interval regulations as 
a preventive mf c:^lisions: it would be argued that col- 
lisions fronj lack of block signals had not occurred, 
but tltat the management should strengths! the pre- 
cautions which would make sure that collisions should 
liot ovA'MV. Jiut some single track lines, running only 
H iitVif pass^^uger- trains but numerous freights, no 
doubt adopted the new plan as a cure. Ck>llisions of 
fn-ighl trains were too frequent, and were costly, and 
\\ii* space inti'rval was introduced specifically as a 
direct Hion^'V saver. It was not. as with heavy pas- 
wnger lino, a qin'stion of precautions for the safety 
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of Ufe aud limb, liiiiI for the i-epiitation of the road, 
BlltOll as a qiiestifiii <if Miivhif; t^xpcnsc. Anil this expt' 
could fairl_v lif cli;n';;i'(l, iu liirjic di'^i'i-p, tii lack of dis- 
cipltne; for while hoiih- ruiuls. paftieiiliii-ly in the West, 
were putting in block signals bci'aiiBe without them 
the freight trains persisted in I'linnin;; into eaoh other. 
ofhst roads, older and with more settled I'oiiditions as 
r^jtards personnel, appeared to have secured an eipiall.v 
Hattsfactor.Y degree of immunity frmii i-olliwion wiibuiil 
the block system. 

The significant fact iu the iiiattei' now is that wher- 
OT^ tlie block aystem has been introduced it has been 
ll^a'tidDed. While the discipline of the freight train 

I men on some laj-ge roads ten or fifteen years ago was 
pretty bad, and Superintendents sometimes found i1 
no ditlicult to improve the efficiency of their men that 
they were in a measure compelled to adopt costly ex- 
pedients to make up for the weakness of the personnel, 
a great improvement has been effected. If the only 

t reason for adopting the block system had been the 
^fllcnlty of getting men to obey orders under the time- 
feterral system, it is quite possible that in some cases 
there might have been by this time a disposition to 
restore the old plan. It is not so, however. Where 
the space interval is once adopted the superintendents 
and other responsible officers feel such a greatly in- 
creased security that they value it more and more each 
year; and every encceKsivc increase in the number of 
trains running over tlic road gives aililitional force lo 
the argument that the bloci; system is necessary for 
celerity, to say nothing of safrly. In the earlier years 

^ the Western roads liad a pimr system and poor per 
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sonnel; then they had a good system and poor per- 
sonnel, while now they have a good system and a good 
personnel. 

UN THE CHU\\GO, MILWAUKEE & ST. PAUL 

One of the companies which has introduced the block 
system on a large mileage of single track line is the 
Chicago, Milwaukee & St. Paul; and as the officers of 
that company have recently made a careful recompila- 
tion of their regulations for working the system, a 
description of the practice of that road will afford the 
reader the best possible means of getting an insight 
into the general principles that govern on nearly all 
single track roads. These new rules are not radically 
different from those which preceded them, but they 
embody the results of the combined experience for 
ten years of all the Superintendents on the six thou- 
sand miles of the ^lilwaukee's lines. 

The most fundamental difference between the block 
signal practice of single track roads (which are mostly 
in the West) and that of double track lines, like the 
Pennsylvania (which are mostly in the East), is that on 
the latter the old regulations for the prevention of col- 
lisions are practically abolished (or, at least, the 
new ones are made the chief dependence and the 
old rules become auxiliary), while on the former the 
block signal rules are secondary and the old rules re- 
tain their full force. The trainmen are indeed, directed, 
in both cases, to continue to observe the old regula- 
tions as to protecting delayed trains by red flags and 
torpedoes; but it is obvious to every one, brakemen 
included, that as regards trains moving in the same 
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direciitiii, whicli is jiIwlivs tlie case od a double ti-jn^ ' 
line, the lilock svsiciu niakpa the flag;{i1ng uuneceswai'^^y 
while on single tr;M-li llic jiv(itci'liiiii (if ;l train from , 
bead-end oi- buttiiiy collisinns i-; urini rllVvlerl liy 
means of telegraphic onirrs si>n! ilii-i'ri id ihr i-oii- 
dnctor and eugineuiau of tlii.' ir;iiii. Tliis iliinws mi 
Qieee two men a direct responHiliilii.\ in sucli s|i.>iilLc 
Bbapi' that there is no shirking or cviiiliii^ il. ^iiid u« 
ffhance to shift the respoDsiliility on to other shoulders; 
so that here the men in charge of trains eontiniie to 
]ieiforin their duties in the same manner as if no hlock 
Bystem were in force. In conformity to this plan, a 
semaphore sifpial, on the Milwaukee road, does not tell 
;iTi I'liginenian that the road is clear for him to proceed 
lo ;i certain place (the next station); it only tells him 
thai, so far as is known by the block- signal man in 
charge of that signal, he may proceed. He is still 
bnnnd to make sure, before ])roc<H'ding, that there is 
;nii|ile time to reach the next side track (or place where 
I rains can meet) before he will be required, hy the \yvo- 
vie&onti of the time table, or by orders wliii'h he has 
recHved by telegraiih from the train despati'her. lo snr- 
rcudf!r the right of way to sniiii- other Iraiii. 



fiitection nf (riiina 

Inatruction^ in 'train and EnQiiif. 

. . . A bloik siiJiial arm iir'iirly verfii^l i 

sign&l is clp.ir iiii<i traiu c 

Tiiil orders i" ruiit it to dc 
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2. The block signals are also ased for train orders and all rules 
ai>plylng to train order signals will apply to them. 

3. Trains must not pass a block signal at danger except under 
authority of a clearance card (Form 168) or permissive card (Form 
27) which must be obtained from the operator on duty. 

4. When the block signal stands at danger^ and the operator 
issues a clearance card which states that he has '^o orders'' or 
"no further orders" for the train named, the train receiving the 
clearance card may proceed if its time table rights or special or- 
ders permit it to do so; provided the clearance card does not state 



Form 27. 



CHICA&O. MILfAUEEE & ST. PAUL RAILWAY CO. 

PERMISSIVE CARD. 



'J 



Station 189 

Conductor and Engineer No 

Use PermisHve Card from 

to 

Train is in Section 

This order will he made in triplicate, one copy to he de- 
livered to Engineer, one to Conductor and one filed by 
Operator. 



Train Despatcher. 



CABO 



MADB 



AT 



BY 



OPBBATOB 



that the block signal is at danger for the train holding the clear- 
ance card. If the block signal is at danger for the train holding 
the clearance card, it must have a permissive card in addition be- 
fore it can proceed. When a train receives a permissive card it 
must also have a clearance card in addition before it can proceed. 
Clearance cards are printed in the style shown in Form 168, and 
when issued as provided by these rules the conductor and engineer 
must each have a card. 

5. A permissive card is used when trains are permitted to pass 
a block signal at danger and enter a section under notice that the 
preceding train has not cleared the same section. This is to be 
used only by direction of the train despatcher. 
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'«. Tlphen a tram i t, i i i irl the l 

dlleb« and engmetr uiii 1 u _7| propi, 
filled (Hit and Bigntd 1\ ih 

7. Permii^iTe cards « 11 1 i ii sind of 1 j 

nuabar riie dcsifcUdtiiit, I tiM II K inn inn U '> K and J 
Uie triin despatthw a initials must be mdor-id on the tn-e of the ^ 

permiNiTo card and signed hy thi operator before it bteomes 



8, At 'ertain block signal stations, which ii dl lii iiidn ftled bv 
a qi«eul rule nr bulletin im each dnision wheri ii-.id jiLimissiTf 
anm painted Kreen and displayme a green or white light at night 
•re attaihfd to thi signal poet b«low the block arm for the pui 
pose of moimg trains permissiTely 

') \\ hen trains receive a tuution signal it indicates that the 
prei edmg train has not cleared the section and that the tram 
BIV IROceed as if moving under a permissive lard 

10 Trains moving under th( authnntv of a permiBsivi lard or 
cantliHi signu! must run with great <are and at leduced speed to 
insiiri igatnst collision with train ahead 

U When approaching stations all trains must be govtrned by 
<ii zi r il Rule No Ui [This rule requires all Crams except regu 
lui jiiiK>ingei tiains to appioach all stations under control In 
aide of }ard limits the appraai.hing tram is wholly responsible for 
SToldine collisions ] 

12 Trains if an Interior Joss must not occupy the main track 
in iin settlou nhen a train of superior class is due to enter the 
GiLiui flection at the hrst bloik signal station al lad or in the rear 

I When a train approaihes a block signal station and finds 
Ae Uock signal at laager it mil indicate tbat the section is oc 
enpted or that there are train orders nnd the londurtor must 
buten to tht tdegrapb nflice 

14 After the markers of a train liavL passed a blotk signal 
at clear in the direction in which the train is proceeding and the 
bUii k 'Signal is afterward placed at danger in accordance with 
Uiila I<io 1 It does iioi hold the tram and a clearance or per 
mlBaiTe card is not neiessary before the train can proceed 
lii. A tiain haime passed l bloik signal must not back within 



1i> Blue k signal stations » In !i are close lull r during lb li 
or night ndl he indicated oi ll i hme table or t \ bulletin 

17 When block si ) | lations ai< 1 sed both aiiii> me placed 

at dear If dosed m ihlIu the lami is left bnniins Hit eectiou 

^)s thLU extended to ihi i \t open I loik signal Btatmn The ab- 

*Bence of the light at nijjbt must be tonsidered as indicating dan 
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J- • 111', 'n"* r^:i«i". "ur iu;»-i •;ina_ i;n'"* •■!' n-:.*'' *r.r- "•!•: zuir 
^r «-iM>«; ,:* •h.»-. - p.,'. •.,.•' .r 111! ■fcTiicn.t**^ "i^-'t i« ri tif*-^: «jm:t AraL* 

prv^fk*< iri'.i I "-i-nnaf-- -ar: lit* >*-*a orA-n^-t trm. 'Ja^ •-{•-r- 
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>-*--j I . . .!*& 

T-i *' .%d^^**^ *'"i £*'; •--' 7"*.-» 

/ BiVL v'/ Mjsi^irif-* -f:'^ Tors trjjx. 

/' H'-^^k ■?"»<: ^it-T w «r •?'•«;:■'•' --.■' ?*' '-^m \<^,'Aim4f thi* 

tor* trill fill out r*< 'o^.l'M^x*'^ . 

OS .\RHi\ AL OF TRAIS BLOCK i^iOyAL 

WILL HK AT rLLAR. 

To *ott*p''*i yith RhW. .V'/. I"' «^^. ^t-jrh \r\U 1*7? o%t the 
ioHotrtptj : 

hLOf'K filf;\AL la AT DASGER FOR TRAiy 

A \0 7RA/S TO If EFT -OR PASsi . AS PER 

H/'Er/AL ORDER So 

Thin f'Uaranff f'ard tl'**-" not imt»:rffr^ tcith nor coumter- 
mand any fi*t**rnl or >ir**'uil RuU. ln*tru*^tiom* or onp 
f'ft't'ial Onh ri i/ou mail hart nftireil from th*: Train /><♦- 
patoher. 
Tim*' /**«/>// m .... Operator. 



♦o tiM' oiA<T«forj4 «t fin* ufiwfut bIcK'k signal station on each side 
of th" Htntton wIi«t<* tniinH nn* to meet or t»e pass«'d- Operators 
rt'VfWiuv Hii^li order** will keep their si^ial at danjrer and issne a 
i\fnriiiu't' fi\rt\ (Vttnu H58j re;idinff: 

**\^\^u^]^ m\[\\h\ iM at dantrer for train — and train — to meet (or 
|M»«'i ; »«< p<'r Mp#'''ial ord'T No, - /' 

lif, A I lilof'k Mitfual KfafioMM where Hidings are in advance of thi? 
Mo'k Mijfiiiil, op'-nilorn may indor?-<* on elearanee cards that their 
»vll^niil will \n' f\oni' on \\\f airival of a Kpeeified train, as providtn] 
itu Wit* rli'annK'e form. Siu-h an indorKenient does not allow the 
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isMT.uuttuc tntit ib XV ti«% «e*r.iU!L. auc wiL Minify niMt oji*:niiur «£«•- 
uor *U«^ «i<;ixiu 1.1; iioic "T^ W45iftt#uiiiic tnux.. 
iw. ^jywiCiKa> lutMit nut }M9iim ti tntii; ii- ♦an^sr t •e'r.iwL whoi a 

•iiin. u> ruh utrxx h'tiMii tiu^ui.. ♦roi'iuL. »?s'^jr jm- jirm-ideo Inr Huie 
Oiv*'i; «ASSud and t tj-tiiii ii^ uwuriixtf tii*- tLrririi: iff ill up>^fUfiiii4 



CHICiCH). mi iOIEE I ST. FiDL EAEf AT. 

cirossxnrES cakd. 

Im- i^'to-r-M^H 1** . . . 

To ^Si/m Am dwr mm4 En^fiit^ vw Trmm 

«4 aUtipf/ti. 7%« imthurUiif prmmted Vp Ihm tmrd 

i* X'A4 ^i^ «"- H/fV^frt pimr trmim «rh«« e-low of 

tk4t ^rom^ m mim tra/k «« p*r- iflock ^h^«J Ernie 3ko. TL 



Dettpmicher. 



' 4Wy 



MAim 



AT 



1ST 



Ml ii^A* U\tM'k %\%un.\ wffttioti in wimufTt*^ and i»«a<' a Hearance caid. 
wl^i/'li uiHti^ that '/ii th^ arriral of tb<^ train sp«<rified on the dear- 
Mi^'4/ tf^aH, th^' MJiftifll may fx^ r^mnid^r^^l at clear. Operators is- 
toM^/«i^ *^t*urHttt't* ''anlN will make three manifold cards. Two 
4'MfiU will lf<' tU*\\y**r"*i to the tH,ut\n*^»T and one placed on file for 

til. \h Hu^worUiii fhe "47/* an r»er Bale No. 36, the operator 
«t ih<' SAtpi'H H\yiHH\ Mtatiofi in advance mnst except the train 
«l*<'«dy Ui 111*' i«*''llon in ih<r foDowinK form: "I, I. B. 47 except 
No for /* \^t^\\l o$pt*rutom muHt make full record 

of iU)tt on fhHr friiln r*'iclHtt*r Hh<*«'i. 
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M AA li I ll u ni. II rniii nlera nnd the sei'tioii Bhpa.l 
clear f l i i pi ' " ^>"i^ tniii the block sienal should be eliaui 
to deal I- ^ I I 1--I liiit II .t bef »re tlie englnepr ib m sight 
it, that ilii II ( I imn .(itir \MtlLiiil reiluMUK -[ittti 

19 ^M I I 11 link »uiiiil bus liui plaiid at '1 ar tn nllun i 
a tram t i I r the se<-tiiin it iiluvl K ri1<iLl*<i nt daoeer iiiime<li4 
ntely att i lli list ar tanriuir iinrkirx has pTied the sign iL 

40 \tifr tl MiKiiie (it a train li i" i issed a block signal it 
de&r 111 tbe direitmn in nbith the tniiii is |ir et IiHB the hlor-k 
■igiukl, nben placed at danger does not hold tlie tiiin and opei 
atoTB miiHt obtain tht M^iiiatiiri! of LondULtois to liiiiu orders 
Wbteh may be received after the arnval of a trim thi engiii 
of nhieh has passel tht bloi k Bisiial before replviiiR to tbe 
tram de>>[ijt<her that bis t<i):na1 is out to bold the train 

41 A^ hfu It IS uei Lssart for a tram that has paw.ed the bloi k 
hijluiU to re-enter the scLtion id its rear, tht operat r will u it 
parmit it to do so unless the Hp'tion is elmr nor nntil be biiH 
blocked trains at the bIcKk signal stati m tonarl ohiih the train 
wiU back 

4- (Markers on rear eai and what to lio if tbp> aie miHsing I 
4" Operators must kcip a correct record of trains etc 

44 Tliei must promptly report the time of departure of all 
trains or the i leaniig of the section to the block signal stations 

45 Ihey must not icport a tram diar of tbi- section until 
thei liaie seen the markers, nor until tht last car ha'i paused 
thi> Mi-nal 3110 ft m the direction m i\hich the train iq moying 

4l) \\ hen a train ih on a sidinB i ieir of the main track, ajid 
tiU(j markers ha*e leiu seen or tht- cdndllrtor reports that ail 
^^itOMn la on the sidioB tht seition may be reported clear 
' '-IS. TN hen a tram is to take siibng at tlieir stati n to be parsed 
by a follonmg train operators niust not report section clear 
imlil the train is on the siding clear rf the mam trai k and the 
maiktrs ha>e been seen or the condnitir reports that nil of his 
trim IS on the siding < lenr of the mam track 

46 "When trams are to meet at a bio. k signal station oper 

take the sidini, have leareii the mam traik and the inarLpn, 
bovt letn seen or tbe (onductor reports that all his tram is in 
the Miiiig dear of the mini track 
4 I l( lers same grouii I i- Rules 6 ii I " i 
III \t t lock signal stall i -. "here pei ii s n arms a i i se 
the operator mnat receive ^ulhuritv to use pcrmiasiyp aitnal m 
the saint manner i- it stationa "Inn cards ai is. 1 and will 
fill out ne card ai I til for refii i li 
. 1 (( neiB sani i. i ltd as Riil *^ i 
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52. As block signals are also used for train orders, operators 
must be governed by the general rules relating to train order 
signals. 

r>o and 54. (Cover same subject as 4.) 

55. (Covers same as 17.) 

56. When a block signal station is closed, the block signals 
must be placed at clear. At night the lamp must be left 
burning. 

a. When a block signal station is re-opened the block signals 
must be placed at danger immediately, and the block signal sta- 
tions on each side and train despatcher notified. Tlu^ position 
of trains must be ascertained and a record of any train in the 
section made on the train register sheet. 

b. The first train arriving after a block signal station is open 
must not be allowed to pass except by authority of the train 
despatcher, who will instruct whether a clear signal or a per- 
missive card is to be given. 

c. When a block signal station is closed the block wire will be 
arranged to work through the closed station, and oi)erator8 on 
either side will consider the section as extended with no chan<j;e 
in the rules governing the operation of the signals. 

57. (Covers same as 18.) 

58. When it is desired to block trains at stations ahead, <t 
back, for any purpose, the following signals must be used: 

"47" block eastbound trains. 

**58" block westbound trains. 

When this signal is transmitted the operator receiving it will 
respond : "I. 13 B. 47," or "B. 58," as the case may be. and sign 
his initial and office call, and will block such trains until the 
section is reported clear. 

59. When a freight train is inside the outer switches at cer- 
tain block signal stations which will be indicated by special rule, 
it may be reported as arrived; provided the operator has seen the 
markers or has been notified by the conductor that all of his 
train is inside the switches. Following trains may [then] be 
given a clear signal, except that if a passenger train is to enter 
the section it must have a permissive card before it is allowed 
to proceed. When a passenger train is at a block signal station 
no train will be permitted to follow until the passenger train has 
cleared the section, except on special telegraph orders from the 
train despatcher. 

00. (Covers same as 20.) 

61. In case the telegraph fails from any cause, operators will 
be governed as follows: 

a. They may issue a clearance (Form KJS) stating that the 
block signal is at danger for telegraph failure. 



i ST. P. RULES 



K If they liavi; iiu iviiiirt iliii 
the sci'lirin. they must issut' a j 

c. If Ihvy have s[.|.iiiil i>nl.T 
it indffiiiitelr, 

d. IE they have urUera fin- > 
Koverueti hy G(!iiit(iI Rule Nu. 
O. K. has not heeii rceeiycd. Imt 
engincniaTi.] 



Tliese i-iik-8 of the Chicago, Milwaukee & S1. J'liiil 
I are ao full and so clcai'lj- woi-ded that the reader will 
, nia4i1v understand the practiee from a single perusal. 
The rules prescribing the procedure for sending for- 
ward ;i train under oi'dinary circumstances are Nos. 
'^'2 iind 38. The cross-over rule, No. 20, prescribes a 
piaitice wliiili is not found on many other roads. This 
rule, fiu-hidding the irregular use of a main track, even 
at a station, and even when suitable Hag protection 

IlijiK been provided, unless permission has first been re- 
reived from the train deapatcher of the Division, makes 
it possible to run fast special trains at any hour of the 
day or night on very short notiee. At large stations 
and at certain .junctions this rule is, of course, per- 
. UiiiTiently siis]iended, and a notice specifying xucli sta- 
tions is kept standing on the time table. This is iieces- 
^,*ary, lioth lo facilitate switching and train work at the 
.tUtdtion, and to relieve the despatehei- of the labor of 
I issuing a large number of lu-ders. But at the mnltitude 
' iif smaller stations the nile is found by the ollieers of 
the road to be a desirable safeiiUMrd, and Ihe de- 
spateher has as yfood ■control of his tracks its though 
no crossovers e\i>n-d. When he has a I'asi eastbouiid 
' train that would lie ilelav.-d U ils lr;ii-U were (o be 
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used at a station, by a westbound train, he withiiolds 
the crossover i)erniit from the hitter until the east- 
bound has passed; and when he has occasion to issue 
a cross-over order he first blocks all trains one station 
back. 



SINGI.K-TliACK BJ-OCKING ON -I'llH KIMK. rill.; \VA 
itA.SlI iXn THEO A'l'Clll«li\ 

AiiK.iLt; rlic ]iiMiMiiM-iit niiids iisiiiK llu- lil'i'k sysicii, 
till siiifjli' triu-k arc tiic Krif. llif \\";iIkisIi ami llic Alrh- 
mm. Tojieka & Sauta Fi'. 

On the Erie lin«a went nf Salaiiiiiiii;i iln- liiuuk h.v»- 
tem has been iu use since 1S91. Ac'cordiiiy to the rules 
then ])re8cribed and whi<b have been euntinued in use 
lt> tlie pi'esent time and are now in force from Sala- 
manca to riiicago, 574 miles, the block signaliny is 
under tlic innncdiate active cinitrol (if tbe train dc- 
ppatchers, Ihe length of road to be managed by ea<'li 

Idi'spatcher having been iiimic wlimi ciii)iij;!i to enable 
liini to order signals for all iraiiis at all slalious willi 
oat delay. 

' Chi the busiest (..a-lion of llie road a ilesiiatclicr con 
'troJK about 40 miles. Tlie si-;iial is kepr normally in 
I (lie stojj iifiHitiiin anil. esc.'])t in case of faihin' of the 
I ti-lej;ra]ili wire, is not moved from its |)osilion except 
.by order .if Hie despatcher. .Ordinai'ily tbe despatdier 
gires eai'li stalion Ihc proper inslniction befnre ihe 
I train arrives, bill in llie ab.sence of an order Ihe opera 
, tor nolifiee the despiiiciier as soon as a train is Uiiowd 

to be a]iproaching. The operator says "No com- 

.ing," and the despatcher ccpliiiB "red," "jrueen" ni' 

"Ti'liile." aceordiiijr as he desin-s to havi' Ihe train 

' sto|ipiMl or seni I'orwai'fl pciinis.^ively or senl forward 
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with a clear block. A train having been stopped, it 
must not proceed without a clearance card, nor until 
the signal is shown in the caution or tlie safety posi- 
tion. Wliere a train is to use a side track beyond tlie 
station, the conductor remains at the telegraph ofiice 
until the signal to proceed is shown and then repeats 
it to the engineman by white or green flag or lantern. 

As some side tracks are not conveniently located, as 
related to the telegraph office, there is a rule requiring 
the conductor to go personally, on arrival, to the tele- 
graph office, when necessary, in order to enable the 
operator to ])romptly give a clear signal to other trains 
after the main track is clear. Where an operator has 
to give a go-ahead signal for two or more trains to go 
out of a side track which is beyond his signal, he is 
required to put the signal back to the stop position 
after each train and then clear it for the next following 
train only on the order of the train despatcher. 

All conductors and enginemen are required to follow 
the ordinary time-table and train rules as though no 
block system existed. 

On this road the permissive or caution signal is given 
bv showing a semaphore arm inclined upward at an 
angle of 60 degrees. To provide for this signal, Mr. 
Mozier, the Superintendent of Transportation, designed 
the semaphore shown in the engraving. Fig. 18. The 
arm A is shown in the normal or stop position, in which 
it is held by a counterweight B, which is attached to 
the arm A by chains as shown. The signal is pulled 
to the safety or all-clear position by pressing down- 
ward on the lever C in the cabin, and to the caution 
or permissive ])osition by moving this lever upward. 



SINGLE-TRACK ISI.OCKING ON THE ERIE 

If eltlici- .)!■ tiotli nf till- coiiiiiTti.nis fn.iii llie ( 
^onld bi'fiik, tin.' fi)iiiiti.TWpiglif \vi>iil(i pull the 
to tLf -ytoii" imsiiiuii if it wcj-i- noi iiln-inly in 
position. Wlii-iL \\v sritiaphiDr ;u')ii is |iiill<'il il 
the laiii]! wliirli ill tlir ^Iim\mii- is lii.ldni li<'liiii,l 



'■■'■; 



N.- iln:i 




re*] lulls, m uQCOveii'd ;in<i shows « liite or jLll-ih'ar. 
\Vliim Ihe arm is moMnt upwai-d. liic green Ipus l.i is 
moved to a position in lionf of (liu lamp. Tliu letters 
X Y Z indleaii' Ilic positimis ••( jin arm nu tlie other 
wide of the pnsi. whii'li is u-^--.\ for sii;ii;iliii}i trains 
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moving in the opjxmite direction. In the Mozier signal 
a hollow post i« iiw^d, and the lamp, which is suspended 
in position by a rhain running over a pulley, is lowered 
within the post for cleaning and inspection. 

The signal levers in the office are fitted with Mozier's 
patent shunt for cutting out the keys of the telegraph 
instruments. By this arrangement the signal may be 
fastened in the all-dear position, without danger of 
accident from forgetfulness, as the lever when in that 
[>08ition closes the telegraph circuits around the tele- 
graph keys, while not cutting out the relays, so that 
it is impossible for the operator to accept another 
train, or to communicate at all by telegraph, until he 
has put his signal back to the stop position. 

Officers of the Erie sav that thev are well satisfied 
with the plan of having all block-signal operations per- 
formed by direct orders of the despatcher. The chief 
advantage claimed is that the station man does not 
need to give so much time and attention to the tele- 
graph, and therefore can better attend to his other 
duties. At many small stations the agent performs all 
his duties, including telegraphing, without an assistant, 
whereas if he had to be on hand at the telegraph in- 
strument to give prompt attention to the needs of 
trains both at liis own station and at the stations east 
and w(*st of him he could not do so. More despatchers 
are n^iuired than on other roads, but not nearly so 
many station men. The despatchers say that they like 
to control the block signals in this way. They have a 
more satisfactory feeling of safety in handling the 
Iniins, and the ])r(»venti()n of blockades at terminals 
iiiid junctions is made easier. 
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Tbe dfapatfhers cm tliis line liave for several yer 
'&ken advantiige of the lilnrk wystptn to make easi 
the work of seiKlint; tele^rii[iliir (rain iinlers. Ac- 
copdiii;; Ui till' UHiial )H;irlici'. a dvs|pnlilHT's tfle- 
grapliir orilfc, dii-erliiiK ^i irain lo nm alii';nl of oi' 
later iIdiu its re>:ular time, or I'liiiii^'iii;; llu' |ila<'e al 
whlcli it shall meet a train nmuiiiH in llii' o]i|Hisili- 
direction (on single track), mnst be re^ji'ali'il liiU'k to 
the despatcher by the i>|H-rator ivbo receives it. innsi 

fbe read alnud to tlie operator by tin' conductor or 
enginenian, or botli. and ninwt bf sifjned by om? or botli. 
"Sbe despatcher imist not finally approve the order 
i^tll these BiKnatures liave been affixed. These safe- 

it^nards are adopted to make sure tliat no collision shall 
oiciir from a misreadinp of the order, ittit with the 
block system in force, colliHions are provided against 
at all times by the bliK'k-si^aling; not only when it 
hns been necessary to issue telegraphic orders, but for 
every leRular movement as well. Tliis being so, de- 
spai'hers' orders may be delivered without signature 
(and even without repetition): for a mistake either in 
writiiij; or reading could do no worse harm than to 
cause delay (by giving preference to a wrong train). 
Taking advantage of this, the Erie despatchers issue 
nmny of ibcir orders on "Fonn 19." requiring no sig- 
natures: and operators are able to deliver to both en- 
giuenieu and conductors without requiring the Irain to 
be sto|>ped. In the ciise of a heavy train, and especially 
on an ascending grade, ibis often obviates annoying 
and expensive delnys, l!y atta»'liiug an order to a 
light boop of rat Ian, wood oi- riiclal, il can I"- delivercii 
til a ti-ain rnnniiii; al full fifiL'ln train s[ii*i*(l. and even 
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faster, the hoop being held (at the end of a stick, if 
necessary) so that the engineman can run his arm 
through it. 



The Wabash began using the block system in 1887. 
In the chief features the practice on the Wabash is the 
same as that of the Chicago, Milwaukee & St. Paul. A 
signalman must not put his signal in the all-clear posi- 
tion until the train for which it is intended has ap- 



TIIE WABASH RAILROAD COMPANY 

Train Register Sheet at Block Station 190. . 

Signalman from Midnight to . . M Signalman from 

. . M. to . . M Signalman from to Midnight. 



Train 
No. 



Time | 

I Entered 
Engine, Block at| 
No Arrv'd 



Westbound. 
Time here. 



Station. 



Cleared 

Block 

EK 



Dep'td 



Time 
Cleared 
Block at 



WQ 



Opr. 

and 

Time 

AckM. 



INSTRUCTIONS 

Signalman must enter on his register sheet the number of the train 
named before responding. . . . 

Each time before giving clear signal to a train or allowing a trair) 
to depart, signalman will perform the three following acts, 

BEFOKK LKTTIN(; A TRAIN GO WEST: 

(a) Examine register sheet and be sure that all trains coming 
east have arrived at your station and cleared block for which you gave 
"13 B. W." 

(b) Examine register sheet and be sure that all trains going west 
which have departed from your station have arrived at next block 
station west and cleared block. 

(c) Get "13 B. E." from next block station west. 

Keep register sheet under train orders. All service must be written 
in ink on registry sheet and same carefully tiled away for future ref- 
erence. 
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proaclti'ii iii'iLi- i-iiiii[|;li ti) |iiT!iiil |li{- i'u;riiieiiiiiL lo sftf 
it. Tliis nili- is .ii'si-ni-d (<p jilTtird ii cheok ou the si?^ ■ 
nalman. Tf iui fn^ii]fiii;iii finds ;i siHiuil iiMlic all-ilwir 
pOBitioii wlieu he first i-nuics in sifrhl (if il lir slops uis 
tnuD at the station oi- caliiii jiiiii inijiiiii's \vli\ ilic arni 
wad mil iimvcii iiftei- lie ranie williiii \ii'« nf ii. 'I'hus 

" the 8ij;il;llllian llllisl tlllil- .■;lil- U> srr iImI, «llrii III. 

moves lln* Irvci- m |iiil iiis sljiiLal in llir siup jiosiiiun. 
the arm iutually assumes tliat jinsitimi, ami In* iiiiisi 
mit li.'ave the tii^ual in the aU-cIear imsition loiii; 
enini^h for twii (rains to jtass under its authorilv. 

The Waiiasii prints a part of the instructions for 
idgaalmen at the bottom of the ref^istei- sheet on wliich 
the record of trains is kept. A copy of one side or 
half nf II, is slii^ci (Form 444t is shown on I'ape iiti. 

The AiL-liisun, Tiipeka & Santa Fe.— This road has, 
within the last two years, introduced the use of the 
liluek system over several hundred miles of its lines, in- 
eluding some lines on which the number of trains is 
^ry small. Some of the block sections are as much 
as dght miles long. This eompany, like the Erie lines 
west of Salamanca, uses a signal by which tlie caution 
or perniissive indication is given by inclining the sem 
aphoi'e arm upward. The latest design of signal for this! 
pnrpose, which was made by the Union Switch & Signal 
Company, and which is called "Style D, three- phase," 
is shown in the accompanying di-awiti;:. Fig. 111. The 
spi'ciacle casting attadieil to the semaphore blaih' lias 
three openingx, one beiny tilled "illi red glass, ime 
with yrcen and tlic third wiili tio glass. The casting is 
madi- ill tlii« fniiii so as to penult the siihsiitntion ol 
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a color in the place of "white" for the all-clear night 
indication when that shall he found desirable. The 
counterweight, (\ is an iron casting which acts as a 
counterweight and is put on for no other purpose. 
When the arm lias been pulled down to the all-clear 
position tliis counterweight acts, as in the case of the 
ordinary semaphore, to restore the signal to the hori- 




zontal position in the event of the breakage of the con- 
necting rod; hut when the signal is moved upward 
to the caution position (by pushing the rod upward) 
the counterweight becomes disengaged from the blade 
and remains in the position shown in the drawing. It 
rests against a stop fixed to the post. In case the c(m- 
nectious break while the arm is inclined upward, 
it falls to the horizontal or stop position by its own 
w,.iKl,l. 
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Ab will be sei.-ii fiimi Itic drawing, this signal iB 
mounted on a i-.vliinlni-;il iron post, and both the easf- 
boond and westlioiiTKl wij;nals ai-i' fixed lo the Hiiiin' 
poBt. A single lamp aiiHwers for Uuili. 

Where the three-position Ki^-ouls li;i\r imi lieeii iii- 
trodneed, the Atehison uses a <'iii-il I'tu- |iciinissivc 
Mock signaling. In moat eases the lilork signal opi'i- 
atora ou the Atchisiin eonimunieate willi our aoollu'i- 
byMorse telegraph, but at a nnmher of Htalions |U out 
of I.V!) telephoneH are used. These are small stations 
where there is little or no freight and passenger hnsi- 
«eBB, and attendants are hired for about S'lO '^ month 
less tlian the rale paid at ordinary stations. 

The Atchison uses Hall automatic block signals on 
12 miles of its line, and it also has one aeetioii on wliiili 
the Webb & Thompson train stafE is used to ioaint;iii] 
the space interval between trains. 

The more important Ijnes using the manual block 
system on single track, aside from those already named 
are the Canadian I'acific, the Chesapeake & Ohio, the 
Chicago, liurlington & Quincy, the Chicago & North- 
western, the (;iiicago, Kt. Paul, Minneapolis & Omaha, 
till' (.'leveland, Cincinnati. Cliii'ago & St. Louis, the 
Lake Shore & Michigan Sootbern, the Lehigh Valley, 
the Norfolk & Western and the Pennsylvania lines 
west of l*ittsbiH-gh. 



CHAPTER V 

THE C0NTR0LLP:D MANUAL BLOCK SIGNAL SYSTEM 

Wlien we leave tlie simple telegraphic block system, 
in which the essential feature is electrical communica- 
tion betw^een the two men situated respectively at the 
entering and the outgoing ends of a block section, and 
in which the outdoor signals are actuated solely by the 
hand power of these signalmen, we find practically all 
other block signaling comprised in two classes, [1) au- 
tomatic and (2) '^controlled manual." The automatic 
comes first, chronologically; and in this country it is 
now first in importance; but the more logical course 
will be to consider first the controlled manual. This 
class of appai'atus, commonly called the "Sykes," after 
the name of the English inventor, W. R. Sykes, whose 
instruments were the first to be used in this country, 
is in use on the New York Central & Hudson River 
from New York to Buffalo, 440 miles; on the New Y^'ork, 
New Haven & Hartford from New Y^'ork (VVoodlawn) 
to Boston, 220 miles, and on the Erie from Jersey City, 
N. J., to Turners, N. Y"., 46 miles. In England the term 
"Lock-and-block" is commonly used to designate con- 
trolling apparatus of this kind. 

The apparatus consists primarily of a series of elec- 
ti'o-magnets so connected with the levers by which the 
operator moves the outdoor signals that the operator 
at the outgoing end of a block section controls the 
lever by which the operator at the incoming end ad- 
mits the trains. Thus, after A sends a train to B and 



CONTROLl.ED MANUAL OR LOCK-AND-HLOCK til 

[Wtfl his si{{nal at "slop," Ik- is unable to again pull tlit 
^liaal t(i "aH dear" nnlil B unlitclcs liiw (A's) lever, and 
% of course, refuses lo dn tliiw nnlil iln- Main has ai-- 
rivedand passed out oflli^' sci-iimi. Th jncnidr ai;aiiiut 
a poBeible mistake b,y U, who nii;;lil iiieiiiaUiccIv iiii 
lock A's lever, there is also an auimnalir ai'ranji('iiii*ni 
hj wblfh A's lever, after liaving been cli'iii-fd to adniii 
a train, and then put back again, cannot be iinlorlicd 
until the train itself actually passes out of the sectinn. 
Tliis is accomplished by running an electric circuit, 
■fthich controls A's lever, through two or three rail 
lengths of the track at a point just beyond B. The 
circuit goes from the battery to one rail of the in- 
sulated section of track, thence by line wire to A's 
signal, which it holds locked at "stop" by energizing 
an electro-magnet. On the passage of a pair of wheels 
over titowp insulated rails, most of the ciirrent passes 
tJii'oiigh the wheels and axles from one rail to the 
ollici', and thence back to the battery, without going 
to the electro-magnet at the distant station. This de- 
iAa|il)etizes that inatrnment and allows the signal to bo 
agalfi rieared, 

II will be seen that where trains are run permissively 
— ihal is, where a second train passes A before the 
first one has passed B^ — the automatic feature of this 
system becomes useless, as the first train will release 
A's signal while the second train is still in the section. 
and the apparatus will then afford no proti'ction 
against a careless opei'atoi- admittiii;; a third train to 
the section before the second hiis cleared it. 

The controlled Mi;iiiual bhul; signals on Uic Provi- 
di-iice Division ol llic New Voik. Xew Han'ii A; Hart 
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ford (Boston to Providence, 44 miles) are worked by 
the latest improved apparatus of the Union Switch & 
Signal Co., which was desi^ied by Mr. John P. Cole- 
man, Engineer of that company. The construction of 
Mr. Coleman's machines as there used is best under- 
stood by an examination of Figs, la, 8 and 4 of the 
drawings accompanying his patent on the apparatus; 
and the diagrams which I show are copied from 
those which are used in the patent specifications. 

To enable the reader to more clearlv understand the 
apparatus, Mr. Coleman first describes (Fig. 1*) a com- 
bined wire-circuit and track-circuit block signal sys- 
tem, and we may therefore proceed to examine Figs. 
1 and la together. The drawings are so arranged that 
the train movement to be considered is from right to 
left, and the stations. A, B, C and D, are thus arranged. 

The reader who is disposed to omit this chapter be- 
cause of the confusing mass of reference numbers on 
these drawings, especially in Fig. la, should bear in 
mind that the operations of the various electro-mag- 
nets and levers are in practice much simpler than they 
appear to be when considered through the medium of 
a written description. One unacquainted with electric 
signaling apparatus should prepare himself by reading 
through the description once, rapidly, in order to fa- 
miliarize himself with the numbers of the principal 
parts, before attempting to read it with a view to min- 
utely following out all of the different operations. By 
such preliminary reading a dozen or more of the prin- 
cipal numbers can be fixed in the memory, so that the 

♦See Inset No. 1. 



COLEIIAN'S APfAKATUS 



fi3 



references to Figs. 3 :iii(l 4, which are frequently uei 
sary to make clem- some part in Fijr. In, need not . 
terrujit tlie study nf tlie I'ift-iiiiH. 

FifT. :j is a side elevalion of ;i rnli-iiiiiii iiisininieut, 




sucli as is used at stations (; and D. Fij;. 4 isaBectional 
elevation of the Banie. Fig. 5 is a front elevation, Fig. 
G a sectional plan, l''i^'. 7 explains llie indicating mech- 
ani-siij ami Fig. ft is ilie banner. The appearance of one 
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of these instriinu^iits when set up is shown in Fij»s. 10a, 
11)/^ and l\)c. 

l»ejrinninjr now witli Fi*»'. 1, station A, lever 1 works 
signal '^ thron^h the eleetiic slot -. iThe electric slot 
is (It^scribed on a snbseqnent pa^e.) The locking 
mechanism consists of a pivoted sector block 4, pro- 
vided with a projecting Ing 5, which latter is raised 
whenevei- the signalman, preparing to move his signal, 
lifts the rod attached to his lever for the purpose of 
unlocking the lever. Uy the linger, 7,. the armature of 
the electro-magnet, i), controls the movement of 4, and 
through that <*ontrols lever 1. 

The mechanism at station !» is similar to that of A. 

The circuit of electro-magnet is formed by wire l.*i, 
make-and-break mechanism (7 on relav 14; wire 15, 
make-and-break mechanism b at station H, wire 10, 
battery, and wires IS, 10 and 20, wire 10 being com- 
mon to all the stations. The spring and contact point 
b at B is controlled bv sector block 4/?, and is onlv 
closed so as to energize (at A) when lever 1/? is locked 
in the normal position (the position shown in the draw- 
ing). If this lever is not normal the circuit of is 
broken at b, so that linger 7 will drop into the path of 
block 4, thereby locking lever 1 with its signal in the 
normal or stoj) j)osition. Hence, it is necessary for the 
operator at A to ask B to put lever 1/? in the normal 
position before he (A) can clear signal -l. Therefore, a 
train can never get permission to pass A until assur- 
ance has lirst been obtained that the block A-B is 
closed at its outgoing t»nd. In other words, the ap- 
l»aralus compels such a procedure that a train cannot 
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The circuit of the slot magnet is formed by wire 21, 
make-and-break mechanism c (formed by a second 
armature and contact point on relay 14) wire 22, elec- 
tro-magnet 23, make-and-break mechanism d formed by 
armature and contact i)oint of magnet 23, wires 24 and 
25, battery 26, wire 27, common wire 19 and wire 21c. 
As soon as the train enters upon the track section be- 
tween A and B, relay 14 is de-energized, and the circuit 
of the magnet of the electric slot is broken, not only 
at c, but also at d. The breaking of this circuit permits 
the signal to go to the stop position regardless of the 
position of lever 1. The second break (at d) is inter- 
posed in the electric slot circuit for the purpose of pre- 
venting the operator from throwing his lever forward 
to normal x>osition, as soon as the train has passed 
beyond B (which j)assage restores the break in the slot 
circuit at c), and, without allowing his lever to lock, 
"picking up" the signal and shifting it to all-clear with- 
out first getting the consent of B (by bell-code, tele- 
graph or telephone) as required by the regulations. 

The make-and-break mechanism at d is formed bv 
the armature and contact point of magnet 23, so that 
the break at d cannot be closed except by the excita- 
tion of the magnet 23 through some other circuit than 
that formed through its own contact point and arma- 
ture. This auxiliary circuit is formed by wire 21 
extending from the slot 2, make-and-break mechanism 
c, wire 22, electromagnet 23, wire 28, make-and-break 
mechanism e, wires 29 and 25, battery, wire 27, com- 
mon wire 19 and 21c. The mechanism e is controlled 
by sector block 4, and is only closed to complete the 
auxiliary circuit, when lever 1 has been shifted to 
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normal position and locked therein by the dropping of 
its latch. 

The movement of the latrh locking; of the levei- so 
shifts block 4 as to close the circnit at c, and this move- 
ment is such that the tinker 7 will drop behind the 
sector block, therebv lockinjr it nntil released bv B. as 
described. The mechanical closinjr of the anxiliarv cir- 
cnit at e excites ma^iet 28. thereby closing the main 
electric slot eircnit. This main circnit is necessarv in 
order to hold the slot mechanism locked when lever 1 
is shifted to clear the signal, as this movement of the 
lever will break the anxiliarv circnit at c. 

So much for the combined wire-circuit and track-cir- 
cuit arrangement. In practice, however, this arrange 
ment is rarely, if ever, used; and the description has 
been introduced, as before stjited, to simplify what is 
to follow. Controlled manual signaling is designed for 
hmg block sections, where rail circuits would be both 
com])licated and expensive; and apparatus which pro- 
vides all necessary safeguards, without the continuous 
rail circuit is illustrated in Fig. la. 

At B the passage of a train restores to A the control of 
lever 1 (if B puts his lever normal); but at C\ instead of 
thus directly unlocking B, the passing train only re- 
leasees C's plunger (*]0); so that the human agent must 
actuate the plunger to make the passage of the train at 
C of benefit to the operator at B. The operator at C, in- 
stead of merely performing the routine function of 
putting his signal to danger, which he would naturally 
do, without regard to what was wanted at B, must also 
*^plunge'' (at the express request of B) and for no other 
puri)ose than to aid B in giving a clear signal to the 
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next train. In practice C puts his lever normal as soon 
as a train passes; but he does not plunge for the next 
train until B requests him to do so. 

Returning now to the train movement which we have 
followed from A to B, we shall note that the train can- 
not pass B until signal Sb is cleared. But this signal, 
having been placed normal to admit of unlocking A, 
cannot be again cleared without the consent of C. The 
apparatus by which C gives this consent is shown in 
Figs, la, 3, 4, 5 and 6. 

On the bed of this mechanism is arranged a sliding 
bar or plunger 30, which is normally held in by spring 
31. A locking dog, 32, is so pivoted that when free to 
move and the plunger is at the inward limit of its 
movement, a projection, 33, on the dog will drop into a 
hole in the plunger and hold it. When the mechanism 
is in normal condition, the dog is held up free from 
the plunger by arm 34. On the plunger is secured an 
angle piece, 37, one part of which projects upward so 
as to strike against and shift an arm 38, projecting 
from the rock shaft 35, when the plunger is pulled out, 
thereby so shifting the arm, 34, as to permit the dog 
to drop down. The movement of the plunger to shift 
the rock shaft and the arm 34 is sufficient to remove 
the opening in the plunger out of line with the pro- 
jection on the dog, which will then rest upon the 
plunger until the latter returns to its normal or inner 
position, when the dog will be free to drop and lock it. 

On the rock shaft carrying the dog is formed an 
arm, 32a, which, when the projection on the dog drops 
into the opening in the plunger, presses spring 39 
against a spring, 40 (Fig. 6), which is attached to a 
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:, 41, of msulaiiiij; iiiali.'iial. foiining the muke-an^ 
Stomk mechanism f. Fi;;'. la. Tin- continued miiv^ ^ 
r Skeitt of the arm ;;iii(. will mIsu f.ji'<i- iln- sining, 40, (nU 
of contact with tUe sjirin^ ll'. ul-in mILhIu'iI in IiIlm'!; 
41, and forming, in coijin'iiiini «iili ^inin^, lo, ilic 
make-and-break mechanism .^. As iiiiJii'jii'il in l-'i;;. In, 
tiprlng .'!£) ia connected by a wire, -i'-'.. in ;i biiiiliii;: |insl, 
44^ on tlie machine. The spnny 40. is ciiiiin-cii-il liv ;i 
■wire. 45, to one pole of an electromagnet, -Hi. Hi-i-iu'ed, 

I aw shown in Figs. 3 and 4, to the vertical frame :{(i, and 
the spring 42 is connected by a wire to one end of the 
ITesietance coil 47, also attached to tlie frame 36; the 
^posite end of the resistance coil being connected by 

I a wire 48 to a binding jiost 4!t. The other pole of the 
magnet 46 ia connected by a wire, 50, to a spring, 51, 
adapted to be forced into contact with a spring, 52, 
by an arm, 53, on the rock shaft, 35, as the shaft is 
rotated by the outward movement of the plunger, as 
1 described. These springs, 51 and 52, are attached to 
' blofks of insulating material secured on the frame 36, 
and form the make-and-break mechanism b. The spring 
S2, is connected by a wire 54, to a binding powt 55. on 
till' machine. 
' On the swinging carrier 5G, of the armature 57, of 
the magnet 46, ia formed a slotted projection, 58, in 
vhich is pivoied a spring-actuated pawl, 5^, adapted to 
«igage a crossbar, 00, in the slotted end of the arm 61, 
fjtrried by the rock shaft 35, when said ai'm is thrown 
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rock shaft, .35, will .swiiijr the rarrier 5<> out, thereby 
releasing the crossbar fmiu eiijrajrement with the pawl. 
A second magnet, <>2, has an armature. r».S, secured to 
arm 64, of a bell crank lever. At the end of the other 
arm of the levtn* are formed shoulders or stops. <i6 and 
07. As arm 61 swings down, when magnet 46 is de- 
energized, crossbar i\>> comes into contact with the 
shoulder 66, provided magnet 6- is not closed, as is 
the case when 46 is cut out to permit the arm 61 to 
drop. Arm 61 having been arrested by r>6. it is neces- 
sary in (U'der to permit it to complete its downward 
movement, that magnet 62 should be closed, lifting 
stop 66, whereupon 61 will drop a short distance, being 
again arrested by the upper crossbar being caught 
by stop 67. In order to release 69 from 67 and permit 
it to drop entirely down, magnet ()2 must be cut out. 

One pole of this magnet is connected by wire 70, to 
binding post 55, and the other pole is connected by 
wire 71 to a binding post, 72. A second connection is 
made from this j)ole of 62 to a spring, 73, with which 
81)ring 74 can be forced into contact by closing 62. 
These springs form the make-and-break mechanism z. 
Spring 74 is connected by a wire, 75, with a binding 
post, 76. 

On a bracket, 77 (Fig. 3), is attached a miniature 
signal post, 78, and also an electro-magnet, 80, having 
an armature, 70, triangular in cross-section and at- 
tached to a shaft, 81. (See Fig. 7.) On the opposite or 
front end of the shaft 81 is attached a miniature sema- 
l)hore blade, 82. The armature is normally held by a 
si)ring, 83, so that its apex is out of line with the pole 
of the magnet, the signal 82 being at the same time at 
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locked and cannot be shifted. When the banner has 
dropped to the intermediate position, as it will do 
when magnet 46 is cut out, the words ''Train in block'' 
will appear at the slot, thereby indicating that the 
train has passed the preceding station, and warning 
the operator to ask the next succeeding station to un- 
lock his signal. 

The circuit for the magnet % at station B is formed 
by the wire 99, make-and-break mechanism / (armature 
of track relay 14/>) wire 100, binding post 44, wire 4.*^, 
springs 89 and 40 (f>, wire 45, magnet 40, wire 50, 
springs 51 and 52 (//), wire 54, binding post 55, wire 
101, battery 102, wire 103, common wire 19, and wire 
104 to opposite pole of magnet %. 

A train having arrived at station B, the operator 
asks C to unlock his lever in order that signal 3^ may 
be cleared. The operator at C thereupon pulls out the 
plunger 30, thereby, through the medium of the angle 
piece 37 (Fig. 4) and arm 38, so shifting the rock shaft 
35 that the dog 32 drops and rests upon the plunger. 
The same movement raises arm 61, engages spring 
pawl 59, on the corner of armature 57, and so shifts 
arm 53 as to force th"e spring 51 into contact with 52. 
This, at //, completes the cautionary circuit, consisting 
of the battery 102, wires 103 and 104, springs 105 and 
100, forming make-and-break mechanism m, wire 107, 
binding post 49, wire 48, resistance coil 47, springs 42 
and 40 (g\ wire 45, magnet 40, wire 50, springs 51 and 
52 (li), wire 54, binding post 55 and wire 101 to opposite 
pole of battery. As stated, this circuit is closed so as 
to hold arm 61 u]) through the medium of magnet 4(), 
provided m is closed. This make-and-break mech- 
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anism m is so couiietted to the lockiug finger 7c 
(Bignal lever Ic) ns to be dosiid only wlieu the fingMr ^ 
baa dropped into locldug pinsition in frout of 4c; ami, as 
before stated, the fluger (;iiii assume this position onU'iilj 
■ when signal Ic is locked in tlie normal position. If thiS^ 
caationary circuit could not be dtjsed l),v the movement 
of tbe plunger, bo as to hold the arm lil up, this arm 
wonld, when the plunger is released, drop back until 
arrested by the stop 66 on the arm 65, and thereby 
permit a hook, 108, to drop and engage a shoulder. IIIK, 
on the plunger. This hook, which is held out of ihe 
Bne of movement of tbe shoulder on the plunger by 
aim 38, when the ai'm 61 is held up, will, when released, 
as stated, prevent such a return movement of the 
plunger that the projection on the dog 32 can di'0|) into 
the opening in the plunger. As sueli downward move- 
ment of the dog as is produced by the entrance of the 
projection 33 into the opening of the plunger is neces- 
saiy in order to close the circuit through the lever- 
locking magnet 9b, it is evident that the cautionary 
drcnit through m must be closed (and this is possiVde 
only when the lever Ic is locked at normal positi(m't be- 
fore C can unlock B. 

If the lever Ic is locked in normal position, the cau- 
tionary circuit will be closed by the outward move- 
ment of the plunger, and magnet 40 will hold up arm 
ai. While 61 is held in this position, arm 38 will hold 
up hook 108 out of the path of the stop lOfl on the 
plunger, so that the plunger can be returned to its nor- 
mal position by its spring when released by the opera- 
tor. The return of the plunger to normal position 
allows dog 32 lo drop; am :V2f! will then piess spring 
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l^\) aj::iniist 40, and also press spriii*? 40 awav from 42. 
Thus the (lro])])iii<r of do^; IV2 uot only locks the ])lunji;er, 
but also completes the unloekinji: circuit throuj::h mag- 
nets 40 and \)b at t\ and breaks the cautionary circuit 
through 4() at g. It will be observed that the breaking 
of the cautionary circuit is de])endent upon the prior 
C(nn])letion of the unlocking circuit, so that the arm 
()1 is not released from the pawl 59 by the break in 
the cautionary circuit, but will be retained in j)osition 
by the closure of the unlocking circuit, until said cir- 
cuit is broken as hereinafter stated. 

The o})erator at C having by the outward ])ull and 
release of the plunger closed the unlocking circuit 
through magnet 0/?, the locking tinger 7b is raised, so 
that the o])erator at B can shift his lever and clear the 
signal '^b, permitting the train to i)ass on toward C. 

The movement of the lever at H in clearing the sig- 
nal breaks (at b) the unlocking circuit to station A, so 
that the signal at A (*annot b(» cleared until B returns 
his lever to the normal positiim, and mechanically 
locks it there, although the unlocking circuit to A may 
be otherwise comph^te. 

A short track circuit is jdaced in the track between 
the stations B and (\ preferably near the station B, as 
indicated at F, in which is included the relav 14/?. As 
the train enters upcm this track circuit, this relay is 
oj)ened, ther(4)y breaking the unlocking circuit (at /)• 
This break ])ermits arnuiture carrier ;">(), the magnet 4() 
being demagnetized, to swing out, thereby releasing 
arm (51, which then swings down to the intermediate 
position. This downward movement of (H and conse- 
quent rotation of the rock shaft 1^5 will so move the 



they ]\:i\mn hi-i-ii sr].;n;iT,-.l wh.Mi t;] H-iis niisfd; and 
■■tteuimii-tl iiLiiM'niriii III' ;u'iii :14. "Iiicli is not siilli- 
•.:^ent to raise M:! U<.,u ilir npniin- in ihr |iliiii,u.r. will 
80 riiif I ill-Ill :i:i(J. Ilial lU ami rJ will aiiaiii .-ninr iiiln 
contact. TliPSf nmlarlw ui ,c ami /,■ aiv cniiiiilcitil wiili 
out bi'pakiii}! tin' t-uniaris al /' and li. 

As lliL' li-aiii aiipniaclifs Hlalioii I.', il rahTs ii| t!ii' 

track i-irciiit iiidiriilcil at E. Ihri-i'liv ciitliiiH .ml tliu 
iclay Ui- and lircaldiif; lat ;il tin- cii'.-uir tlm.ujrli IIJ 
iiTiiI 141c. and at tlie sjiiue time completing si circuit 
thtou^h point 112, wire IIH, biuding post 72, wii-e 71, 
magnet Ii2, wire 70, biuding post 55. wire 101, battery 
102. wire 103, commou wire 1!), wire 114, and armature 
im. By the closure of tliis circnit tlie armature of (12 
16 aitracted. sliifliiitr itrms 114 and f.."»: stop (id is lifted. 
arm ill <ii-<i|.s. til clucks ii. an.l sjinnj,' 74 is sdifted into 
contact Willi 7:;. Ilieieliv clnsinj; a riMainiiii: cin-uil 
llii-.in«li the niiijiiifl r,2. Tliis i-elainiiij; ciiTuit runs 
lllrnn^£ll 7:1, 7t, wire 75, biudiiij; post 7(i, wire 115. con- 
tact ]M>iu\ llli and spring 117 l/'l, wires IIS and lO."!. 
buttery 102. wire 101, bindins: jiosi ."i:). wire TO. niagnet 
02 and wire coiinectiug tlie otli.-r ]•<>]•■ «( Itie nuignet 
Willi contact point or s|iriiif; 7;!. 

Tlie »ignnl .'Sr is preferiililv located about midway of 
the tniclv section E, so tJiat the main circuit thi-<mf;li 
mafjnet 02 completed by the entrance of tlic train sec- 
tion E will not be bi'iiken by the passage of tlie train off 
the Hection until the train lias passed by the sigiKil. In 
clearing the signal t'oi- llie onward iiiovemeni nf ihe 
train. Ilie retaining circuit tlinnigh magnel lii' is elnsed 
ai f. and it is iloseii at i by llie train. Tiie retaining 
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circuit, having been closed by clearing the signal, it 
will remain in that condition until the signal lever has 
been shifted and locked in normal position, thereby 
through the medium of the sector block, forcing the 
spring 117 away from the point and breaking the re- 
taining circuit. 

While arm 61 is held up by stop 67, the banner is 
held in such position that the words "Train in Block" 
appear to the operator, a train being considered in the 
block between B and C until it has passed off of the 
track section E, adjacent to signal 3r, and the latter 
shifted to normal position. As stated, the passage of 
the train off of the track section E breaks the main cir- 
cuit through magnet 62 at o, and the locking of the 
signal lever Ir breaks the retaining circuit through the 
same magnet, thereby releasing arm 65 so that it will 
drop down, releasing arm 61. The banner then drops 
and shows "Free" to the operator, indicating that he is 
now at liberty to unlock the signal at B. The down- 
ward movement of arm 61 not only raises the dog 
from the plunger and permits spring 39 to move back 
out of contact with the spring 40, but also so shifts arm 
53 as to permit springs 51 and 52 to separate, or as- 
sume normal position. 

As in the cases of stations A and B, the magnet 9c 
must be excited so as to lift finger Ic out of the path of 
the sector block. The circuit of this magnet consists 
of the wire 119, make-and-break mechanism q, common 
wire 19, wire 103, battery 102, wire 101, connected 
binding posts 55 and 86, wire 85, springs 83 and 84, 
wire 87, springs 88 and 89, binding post 90 and wire 
122. It will be observed that the make-and-break 
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mecbiiiiisiii / (if lliis rin-iiit is cniiinilli'd by magnet SO; 
»0 thlit the cir.-iiir of Iliis iii;i;;ii.'l iiiiisl In- closed hefmc 
the ciiTiiit "f '.k i-;iiL ln' i-ii(ii|,li-t.-a. Thr rircuit fur tin- 
magnet SI) ciiiisistK of till' will' !I4. Iiiiuliiii: |ii'st ITi, whv 
123 extending t.i tlic iiiiloi-kiiifr ini.l iiidic;ilinj; iNcrluiii- 
iam at sfatioTi T>. binding; ]kisI 1:^4, win- lli."., s(i]iLij;s 
126 and fJT iri wiir IL'S, tiiiij;ii.'l 11'!*. win' Kill, 
sprinfis i;'.l ;iiid |:i:! i.vi win- VM. binding; |mis[ 1:!-!, wiiv 
I.'IR. biilh-i-> i:iii. "ii-.-s I:t7 and i:i.S. foiitact |uniits <fi 
win- 141. riiiiuii-i ]ioi[ii ;m(I ariiiature 142 and li:i of 
till.' ich\y 111/, will' 114, ciiiiiiiiun wire li), extending 
back to station V,. wires lOli and lltS, contact spi-ing 
117, point Ho, wire 14(i, binding post i)3, and wire 92; 
in- friini coiiiiiiiiii wii*e l!l tlie current may pass b,v 114, 
nil. 111. wires lllr ;iih1 1411. l.itidiiiu post m and wire 
U2 to niaijnet SO. 

The operator :ii r li^iviii-: disked tin- o[.eriitor at I.) to 

iirilnrk iiis il-st si;;iial leviT. ll jperalor at D will pull 

niir jilini-(-i-:!li, ilinehy ilin.wioj; ii]Mino r,],so tliat its 
urotssiiar liO will eiij^a;;!' llie spriiiji jiawl ."ill and be re- 
tnined thereby, jn-ovided that tlie eautionary cironit at 
D IB closed. This rin-uit eoiisists of the battery 1S6, 
wires 1;17 and 147. spring's US and 1411 (;/) wire 150, 
biiidiii}; post l.")l. wire lli^. ri'sistiiiice coil in:i, contact 
spring's l.-.l anil 127 it) wire V2X. inasnet, 12'.l, wire 130, 
contaci s]ir!iit;s i;!1 and i-VJ i.d wire 13:!. binding' post 
1^4 anil wire i;io. The cautionary circuit niiisf be 
closed so as to hold nia^jiiet 129 closed and preveui ihe 
dropping of arm 61, and consequi-nl lifting of doir '■'•2. 
As before descvihpd. s in closed by an aim on the Bhaft 

S5. wliirli 18 roi; t by the pbiii^'er whi-ii imlled out. 

Thr iiTiirn nio\.- nt of tlir liliincer will |iennit doj: 
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32 to dioj* and press sprinjj: V2i) against 127, thereby 
closing the circuit through magnet 80 at station C. 
The closing of this circuit so shifts the armature 79 
iFig. 7) as to press the springs 8*i and S4. thereby clos- 
ing, at j (Fig. la) the unlocking circuit through \h\ and 
also shift the miniature signal 82 to clear, thereby in- 
dicating to ojieratiu* at C that the ojierator at I) has 
done his part toward unlocking lever Ic, Having re- 
ceived the indication that the unlocking circuit is 
closed at /, the operator at C presses upon the pin 155 
in the floor, thereby closing (7 in the unlocking circuit. 
The closing of the circuit through magnet J>r lifts the 
linger 7c\ and the operator at V is now fn»e to shift his 
lever to clear the signal 3r. 

The signal must, of course, be cleared to authorize 
the train to ])ass off of section E, and hence banner 97 
will not drop to indicate "Free'' until after the train 
has passed off of section E, and the signal 3r is restored 
to normal. As soon as the banner indicates *'Free" 
the operator at C is at liberty to pull i>lunger 80 and 
unlock the signal lever at B so as to permit a train to 
enter the block between B and C. 

It will be observed that the make-and-break mechan- 
ism k (springs 88 and 89| in the unlocking circuit of 
magnet Or is opened by the movement of the rock shaft 
when C i)ull8 out the i)lunger to unlock 9/?. This makes 
it impossible for the operator at D to unlock C until by 
the i)assage of the train over track section F at station 
B, the rock shaft at C is permitted to rotate back suf- 
ficiently far to close k. The inter] losition of k in the 
unlocking circuit renders it im]>ossible for all the 
operators along the line to unlock each other and set 



their sipi;ils :u rl, ■;(!■; fl.l- inthuni;!! (' lii;iy sliift liis 
plnnper lo imlot k 11, lii> :il iln' s^iuic lime n|iftis liis 
own iinlockiiis cin-nii ;it /,■, sn lh:il iillliniiirU D iiiiiv 
ekitt Lis [iluiiscr lu iiiilnrk li. 111. ,11 tU.- ^:\u\<- liuii- 

. OipenB his own iiulocldny; (.■iiniil ;il /,-, sn lliai al- 
though 1) may shift his plungei- In inilnrk r, ili,' I;iiiit'- 
aatockiii^ wire (broken at k) will iriii.iiii npcu imiil ilc 
'jxaiB has pawsod over track aeftiou F. 

Wliei-e thort! is a siding between twii stations, with 

' entrance as indicaled at S in Fig. 1. it is necessary lo 
lirovide means wiierehy a train al B may paws into 
the aiding bcycind tbi' signal 36 and tbf track section 
T, ■without so locking up the nnloeking and indicating 
niiichnnism at C. as to pi-event the operator at C from 
unlocking 1!. after The train lias entered the siding, 
,Ah before stated, the passage of a train over track sec- 
^on P, breaks the unlocking circuit of B at I, and, the 
phinger ."iO at C having been pulled out and released 
111 unlock IS, is on its ifturn so locked by the dog 32, 
wlii'o the unlocking circuit is broken at /, that it can- 
not be unlocked, excejit by the passage of a train over 
the track section E. Hence it is necessary to provide 
Tneana whereby the nnh)cking circuit from C to B, may 
be kiipt closed while a train is jtassing over track sec- 
tion F and entei'ing llie siding. This result is effected 
by means of a shunt circuit consisting of tlie wires 15(i 
imd l.'iT connected respectively to the wires 19 and 
10(1 of the unlocking circuit and thi' raake-an<Mtrcak 
niechauiam at w. Tliis uiecfaaniam (ri'l ia arranged to 
close when the movable rails of the siding are shifted 
to permit the enli'ance of a liaiii to the widing. With 
this shunt circuii the unlocking circuit will be held 
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elos(»d while the train is passiiij^: over track section F, 
and lienee the nnh)ckinji: and indicating mechanism 
will not be locked. 

The orderly movements of the several ])arts of the 
unlocking and indicating mechanism at 1) occurs as 
described in connection with th(^ mechanism at (\ The 
several circuits and make-and-break mechanisms de- 
scribed as before at V are also found at 1), and at each 
block station along tlu^ line of the road. 

To make the descri])tion more easily comprehensible 
we may now omit the references to the circuits and 
Cimnections, and briefly review the o])erations which a 
signalman, say at (\ j)erforms in connection with the 
passage of one train. First, he must unlock B. This 
he does by i)ulling out the plunger. This lifts (Jl and 
closes the cauti(mary circuit at h (which circuit, how- 
ever, he does not com])lete unless his own lever Ic is 
locked normal, holding m closed) to hold up Gl. Arm 
()1 being held u}), the plunger is immediately pulled in 
by the si)ring. This lets the dog drop into the hole, 
locking the plunger, <*losing f, and opening g. (Open- 
ing g oi)ens 4(), but not until after 1)/? is closed). Clos- 
ing f closes \)b and unlocks IVs lever lb. This lever 
being then pulled, the train may i)roceed. As the 
train passes F it opi»ns /, thus opening \)h and 4(). Arm 
()1 then droj)s one stage, closing k and g [f and // still 
remain closed), and showing th(» words "Train in 
Block." 

O having cleared his signal (by co-operation of D) 
the train comics on ]>ast l\i\ At E it o])ens ;; and closes 
0. This closes ()2 and arm (Jl drops one more (short) 
stage. At tin* same time the retaining circuit is closed 
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thiougli ♦52 at /. This circuit was closel at p wlu.ii 
the signal was cleared for this train. After the train 
has passed, ;/ is closed: and the signalman returns Inv^-r 
Ir to normal. 0[>ening the retaining circuit at p: this 
opens ♦i^. releasing fjo. dropping r,l and showing the 
word "Frr-e." njeaning that I> may be unhirked ft»r a 
.second train. The dropping of 01 raises the dog and 
frees th*- plunger: it also opens g and //. 

The ^'O-ojieration of two signalmen in unlocking will 
be seen by reference to q and 80. When D plunges, 
closing r, he closes 80, closing /: this clears the minia- 
ture .*«eniax>hore and notifies C to close q iwith his foot): 
this closes Or and unlocks Ir. 

The opening of k by C, when he unlocks B, pre- 
vents \) from unlo<:king C until the train passes F and 
i'loses k. 

The drawings shown in Figs. 20, 21 and 22 show, in 
section, the signal lever and the electric slot used 
with the Coleman apparatus. As the frame in 
a cabin usually contains a distant signal lever, for 
each direction, and often a number of switch levers, 
the interlocking of these levers must be provided for. 
to insure that different levers shall alwavs be reversed 
in the right order. The drawing. Fig. 20, shows a lever 
with part of an interlocking frame. The style of inter- 
locking is the "Saxby & Farmer improved," as made 
by the I^nion Switch & Signal Co. 

In Fig. 20, A is the case containing the principal 
electrical apparatus (See Fig. 19a) and B contains the 
elecrtro magnet which directly controls the lever Ic. 
This electro magnet is shown in transverse and longi- 
tudinal sections in Figs. 20a and 206. The letters in 
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COLEMAN'S MACHINK &T, 

theei' sfi'tiiiiis, ic. Ti luui '.U vvU-v tii iln; sunn.' parts that 
are iiMlinilcil liy ilirsc IrlliTs in rhi' lon'froiiig descrip- 
tion nf lliiTlr.-lriiMl rnuD.Tliinis. 

T]n_- siTlnr hlnrk I- is inii!,,illi.d l>\ ll'- liai' 7," (h'.>[>- 

pinj; into llir iiuh-li. ;is sliuw n. A nnivEii [lii-o(]j;li llir 

CoUm uf ik- IH'IS 7<- nul of Ihr Il 'I'll.' scrfiir lilnrU 

controls 111.' Icv.T lln-niij;!i slnill K' ;ind linN 1 1. To 
mOVt' IIk- \v\r): li. 111.' sii;H;lln[illi inilsl lifl llir r,ilrll 
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1..1I 1: Inii hi Ooin^' tills Ii.> iiinst revolve the almft E, 
and iliis liiiiiml \«- ilniic ;is Inrij; nx tli(- shaft is held 
fast by th(.' iorked sei:lor 4.-. 

Tlie view of fhp shaft at E' shnws. in pnv[, how tin- 
interlofking is effecti-cl. The inliTlmkiug bais C are 
supported at the ba<U of Ihe levci-s on frames F. The 
ende of these hnrs are shown at b and r. They slid'.' 
lonRiliidiually. and are actinitcd by hiiriKontal trans- 
vcrsi- shafts K. K', when tlicsi' are revolved on thuir 
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axes by the catehrod r of the lever, acting through the 
link D, D^. A shaft, revolved on its axis by its lever, 
moves an interlocking bar by a short arm, and the sole 
function of the bar is to be pushed or pulled, a short 
distance, by the action of its lever catch-rod, so as to 
obstruct the path of some other bar. At a point where 
it is desired that the first bar. when pushed, shall ob- 
struct the subsequent movement of the second bar, a 




Fig. 20h 

dog, with a beveled end, is fixed to the top of the first 
bar at the proper place to i)ush a block athwart the 
path of the second. Blocking the second bar holds its 
shaft motionless, and this in turn prevents the lifting 
of the corresponding catch-rod and thus ])revents the 
signalman from moving that lever.* 

The *^electric slot'' is used to automatically set a sig- 



• Tlif* int«M'l()cklng inachin«* is more fully described in ronuectlon 
with Kig. 47. 



^at:lii the stop 

U^a train »u ui^ 

lect oil tlie par 

i' because its fiim 

■ the vei'lical nii 



THE ELECTRIC SLOT 



iiiiiiiciliali'Iy at'lpi' the pass; 
;lc atiiunsl foi-getfulDess oi' ii..-, 
si,mi:iliiinii. ll U lliiis nsiiiiod 




Cf 



'J.\. '2'2 aiJi! '2'2a. As will bi- titfifu i'vmn 
Fifi- --" tlif i-oil UA, wliidi is moved 
ii|iw:ird \o <:Ii'ai- the si^u:)), is oarrieil 
lhiiiiif.'li an ii-oii box, fixed to the signal 
[Hist bi-twet'ii the signal anu IJ and 
the baliiiiue lever ('. Ueferriiig now to 
Fifi. -21. Ilie I'l-aiiie K' iiik! Ilie pans al- 
lacJLcl l(. il aiMVr up ami down willi 
Ilie loil. The eloelro magnet M, when 
ener-jiized. kcejis rods U and V. rigidly 
eoiini'fli-d and the si^'ualnian has fnll 
control of the si{;nal. When the ma;; 
ncl is de-energized, the lifting of the I'od 
r does imi lifl K and <-onser|nently has 
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the latter in position shown. Roller N in lever G rests 
under pawl F, which is pivoted in rod E at X. 

The centers H, N and X are normally (when signal 
operating lever is normal) out of line: any upward pres- 
sure applied at II consequently tends to move lever G 
to the left, on II as a pivot. This causes roller N to 
move out from under pawl F (which is not movable 
to the left) as a result of the resistance ottered by the 
weighted signal pressing downward at X upon pawl 
F. When magnet M is energized, this movement side- 
wise of G is resisted at O, its upper extremity, as the 
link P pivoted thereto is held dow n by the armature R. 
Pivots ^, Q and O are normally out of line, so that 
when M is de-energized any effort to move G to the 
left causes armature R to move upward (the pivot S 
being fixed) and consequently permits the roller X to 
move from under pawl F. But if the magnet M is 
energized its power is ample to hold R down; and to 
thus prevent the movement of roller N from under 
pawl F. Consequently, any upward pressure on U lifts 
the frame K bodily, with all members of the slot en- 
gaged as shown, and the signal is thereby cleared. 
Spring T being secured to the case, ceases to press 
against lever I, the instant this movement begins, and 
hence its normal tendency to force roller X under pawl 
F is not present when the signal is at "clear." 

The upper part of the "slot" is so designed as to pro- 
vide an air cushion for relieving the shock that would 
otherwise result when the signal returns automatically 
to "stop." Roller 3 is a guide, traveling on the inside 
of the cylinder, but not at any time touching the sur- 
face covered by the ])iston. When a signal has been 
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.ViiLie iiaiTs, K, 
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Ei\laiy<;i Delaih i.f Fij 



Point I is free froui .siJt-iny T. Thi'ii, when a irain 
passes, and, hy sliuntiug llic i-iiil circuit. ii|)i-ns M, lln' 
armature R is I'l'li-ased anil ilic weight nf the aigniil, 
acting through the sevepal nieiiibPrR described, forces 
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the loller N out from under F. The rod E, with its 
attachments H, C, D, then drops by gravity, restoring 
the signal to the horizontal i)osition. If now the sig- 
nalman pulls rod U down again and attempts to clear 
the signal a second time (before M has been re-ener- 
gizedj he can push up U, J, N, M, etc., but this move- 
ment will have no effect on F and E, and the signal 
will remain in the stop i>osition. When the train goes 
out of the block section at the next station, M is ener- 
gized and the signalman's control over E and the 
signal is restored. 

It is CO be borne in mind that thi* Coleman apparatus 
is a development from earlier and less complete types. 
In the Sykes apparatus, as originally used, each lock 
instrument controlled the signal lever at its own sta- 
tion bv mechanical means (rods) instead of bv an elec- 
trie lock. In PatenalFs modification, used in the 
Fourth Avenue Tunnel, New York City, and on the 
main line of the New York Central & Hudson River 
Railroad (introduced in 1892), various additional safe- 
guards of an ingenious nature are provided to meet 
what were deemed the peculiar conditions of the traffic 
in the tunnel, through which about 500 trains pass 
daily (on four tracks). 

To provide for permissive signaling in case of failure 
of electrical ai)paratus the signals in the tunnel were 
made three-])Osition. A single rod connection (pushed 
by one lever or pulled by another) serves for all three 
indications. 

The electrical apparatus is modified by the introduc- 
tion of a slide beneath the* plunger whereby the signal 
lever is directlv unlocked. There is an electrical switch 



A PERMISSIVE SEMAPHORE 51 

whicli kci-[.s all iiictallir .■.iTim-iiimis with tin- electro 
magiiel- iiiniiiiilly linikeii. imtMiij; llic s;niii> in circuit 
atth.' |ii-.i|,(T rim.-, liy lr;nii|M II,.. sliil.' iinlh-.ioiU llif 
signnl <-;lil lie iiiiei';Uril iii<|i'tiiiiicly ms fnc ■<« in-jiiii;; 




IMinrilH-utM) willlOHt ;ltT''i'tinji,' Illr rli'ftrical ciPliUiJC- 

liiiiis. The lampaarp liiiiil withzinr and coppiT snips, 
whit-li, bv the aotlnn of the hent luakL- anfl bi-eali an 
electi'ii- drcnit sh jw to Riv ^i visual in<lii':iTiitn in tlip 
lidiiii, liy inejuis nf .111 electin uiauiiet. shnwiii- that tin* 
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lijyht is buiniiij»". If the lij?lit ^oes out an audible alarm 
is criven. At each home signal there is a torpedo ma- 
chine, autimmtically placing a torpedo adjacent to the 
track when the signal stands at "stop," and withdraw- 
ing it when the signal is cleared. 

In the tunnel the signals are disks, fixed to a vertical 
rod which turns on its axis. On that portion of the 
line between the tunnel and Mott Haven (about three 
miles) the three ditferent indications are shown by a 
S(»nuiphore with two arms or blades, both turning on 
the same pivot. In this signal, which is shown in Fig. 
23, both arms horizontal (a) indicate stop; both inclined 
downward (b) indicate all-clear, and the green arm 
horizontal while the red is inclined downward (r) indi- 
cates that the train may proceed, but with the under- 
standing that the locking apparatus is out of order. 
The lever clearing the red blade cannot be pulled un- 
less the block section is unoccupied, as the apparatus 
is controlled by a lock in a track circuit extending 
throughout the whole of the section. The term "per- 
missive signaling" is therefore somewhat inaccurate. 
The view a shows the normal position. In b the green 
blade has been moved down by pushing up rod ^ at- 
tached to arm g and has carried the red blade down 
with it, there being a lug on the blade for this purpose. 
In c the red blade has been moved down by pushing 
u]) the outside rod r, and this rod, by its horizontal 
slot, has raised the green spectacle G to a position in 
front of the lamp. This green spectacle is not attached 
to any blade. Rod 5 working the green (rear) blade is 
not visible in the drawing above the point s. As before 
stated, pushing the connection x (to the right) clears 



both ;inus. wliil-' pnlliiij;- ii luwns only tli..> ii-d ill 

As Sll.mil iLI f III.- n-M-|'>.Ml nf llir i;m.]i IrvIT (lo (i 

;r) puslif'B up tilt- ;in\ili;ir\ sjici'iiirli' (,: whou llii- i 
lever is reversed ftu push .n Imili iicms ni-i- rliMmil ;i 
the jiiixilinry spectacle i-i'iii;iiiis diiwn. Tin- l;iiii|i r 
perf<.T'tly sliown in b) is lH.-liiiiil iln- i-i-il «p.-i'i;iil,' ii 
and beliiiid the fiireeii in i'. Thi-r.' is m. ;^l;iss in i 
grip of t]ie green lilade. Tlic rcversiii,^ nl' ilif t:ri 
lever dues not move the rod of the ^(reen hliuh- i 
(liirs the red lever work the rod of the red lihidL>. 



On lli(.> i;iies;i]icitUi- A: (.)hi<.. sir.fih- tr;ick, ;i iiK.ditied 
form of loeli-iiiid-hlnrk insti-innentis in use for blocking 
in both directions for the same track and it has been 
adopted by Ihe railroad as standard, 150 instrnments 
b^ng niiw in use.^' 

In Ihis arrangenieni. which was devised liy ihe Jal-' 
M. It. Leonard, tiuperintendent nf Tclegrapli (if ibe 
riu'sapeake & Oliio. the operator at TI controls Ihe 
levej- of the starting signal at A, the same ns in other 
controlled manual block signaliug. Keferriug now to 
station It, llie airatigenient of the signals and ap- 
I>ara1uN is aw shown in the accompanying diagram. 
Fig. 24. (The line wire from station to station is not 
shown.) The road being single track, the sid- 
ings for eastbonnd and for westbound tracks 
.-ire located as sjiown. the outlets fif these 
tracks overlapping laih other in front of the 
station or signal cubin. An ilectro magnet 
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in the locking; apparatuH in the cabin is actuated by 
trains by means of a track instrument ia) in front of 
the cabin or bv a circuit closer ib) at the western end 
of the eastbound sidinj^. (The same arrangement exists 
for westbound trains, a circuit ch)ser being i)hiced at 
the east end of the westbound siding.) The signalman, 
to i>ermit an eastbound train to come from A, "plunges'' 
to unlock A's signal lever; and, having done so, his 
plunger remains locked until it is released by the ar- 
rival of the train. While B's plunger is locked the 
line circuit is open, so that A cannot clear B's west- 
bound signal. This signal is controlled only by A's 
battery. The train either i)a8ses through and releases 
the i)lunger by closing the circuit at a, or else enters 
the side track. If it does the latter the switch, c, must 
be closed by the brakeman of the train as soon as the 
last car clears the derailing switch at b, and this opera- 
tion, which simultaneously opens the derail at b, mo- 
mentarih' closes (at b) a circuit which releases the 
plunger. 

To send a train forward, B, having been unlocked 
by station (% clears signal 2. This is done for a train 
starting from the side track, the siime as for one pass- 
ing on the main lin(\ Clearing this signal breaks, at k, 
the circuit connecting the track instrument a with the 
cabin, and consecpiently the plunger cannot be released 
by a train passing on the main line, until the signal is 
restored to the* stop position. This restoration is made 
b}^ the signalman after the front part of a train has 
passed his liome signal, and before the rear car passes 
the track instrument, so that the* track instrument may 
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'lelease the plunger and put IJ in .1 position to allow A 
to send on another train. 

The requirement tlial llie signalnian shall restore his 
fdgnal to the stop position us soon as a train lias passed. , 
makes him vigilant in watching for the markers, and 
thoB tends to provide an efflcioul rlK'ck against giving 
a clear signal in case a part of a train has bcon broken 
off and been left in the block section. 

In the case of a train entwins the sidetrack, the diitv 
i.f closing Ihf switch c dpv<ilvcs on the man at the rear 




end of the train, so that there is no likelihood that the 
plunger will be released from b before the whole of a 
train has arrived. 

The switches and signals which are numbered in the 
drawing are worked by a 12-lever interlocking machine 
in fho cabin. The switches c and g and signal d are 
not connected with tiie cablD. The derailing switches 
marked 8 L M 6 and S L M 8 are worked by means of 
rods connecting with switches fi and 8 respectively. The 
derailing switches ih) at the outer ends of the sidetracks 
arc likewise connected with their respective main line 
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switches by a switch and lock movement Signals 2 and 
11 have indicators to show for trains to enter the side 
tracks. 

On the Chesapeake & Ohio a train is never allowed 
to enter a block section before the preceding train has 
passed out of it, except by the issuance of a "caution 
card," which is a written order delivered to the engine- 
man of the train: and signalmen do not issue these 
cards except by direction, in each case, of the train 
despatcher. 



i;liai'tek VI 

THE CONTUdLf.ED MANTAI. SYSTEM - 



The simplest, and probably the most certain arrauye- 
ment for preventing butting eolliaions on single track 
railroads is the staff system, which has been used in 
England (or more than 40 years. A train staff is a 
Btick of wood about 20 inches long, brass bound, which 
U given to the engineraan of a train to signify that he 
has the right to the road between two stations, the 
names of which are inscribed on the staff. Without a 
Htaff no engine can start from the station. A train 
rraiDing from A to B, with the staff for that section, 
gives up the staff at B and receives another one, giv- 
iufT it the right to proceed from B to C, and so on. To 
provide for cases where two or more trains must run 
from A to B before any train returns from B to A, there 
la with each staff a certain number of tickets, one of 
which is to be given to each of the several trains ex- 
cept tlie last. The last engineman takes the staff and 
all the unused tickets. If at any time the staff is at the 
wrong end of its section a train at the other end de- 
siring to use it niust be moved by a telegraphic order, 
or else the staff must be sent by a special eniiiuc or 
other conveyance. 

If a staff were used alone, without tickets, it would 
provide against rear as well as butting rullisions; and 
to make the system thoroughly adaptable to all dream- 
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stances Messrs. Webb & Thompson, of the London & 
Northwestern, devised the electric train-staff which 
was introduced about 1889, and which is now used ex- 
tensively in England and Australia. It is used to a 
limited extent in this country, the Union Switch & 
Signal Company, proprietor of the American rights, 
having put in a number on the Chesapeake & Ohio, and 
a very few on other roads. 

In this arrangement each of the two stations at the 
ends of a section of road has a pillar containing a 
magazine holding 10 or more staffs. With an adequate 
supply there is no necessity for tickets, and the pillars 
at the respective stations are electrically connected 
with one another, and so locked that, one staff having 
been taken out from either pillar, a second staff cannot 
be taken from either that or the oth^r one, until the 
first staff is returned to one or the other of the pillars. 
Thus a second train cannot start from A until the first 
one has arrived at B and delivered up its staff. A 
staff always has on one of its ends a key to unlock the 
switches of sidetracks, if there be such tracks between 
the two staff stations. The staff, when used to unlock 
a switch, cannot be withdrawn until the switch is reset 
for the main track and locked. 

It will be observed that the common staff makes no 
use of the telegraph, or of electricity in any shape, and 
that both the common and the electric can be operated 
without the ordinary signals on posts, for no engine- 
man is allowed to leave a staff station without the pre- 
scribed staff, and if it is not duly delivered to him 
he will go to the station master's office for an explana- 
tion. 



THE EI.ECTRIC TRAIN STAFF 9ii 

A pei'BjK'flive view of a staff pillar is shown in ]?ig. 
i>BOil; and Fig. 5"- sliowa the locking parts. The staffs 
are of nii-tiil imd rylindi'ical, l^iirh lias t'lmi' rings u|iiiii 




Fio. 501.- s/„lf fill- 



fx(;ept in the preBcrilicd way. On ilie face uf the io- 
slrnment, at the tuji. are two di;ils, <-ach with a knob 
and indicator, and. in ihe mid(!le, a galvanometer. The 
lattpr shows, hv iiidicatin;.^ ilic preaenci' of the eleclrii: 
i-iirrcTit, when the lock is tVce, pertnitliu}^ a atafl tu !»• 
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withdrawn. Under the right hand dial is a small key 
for signaling to the other station by a bell, and also 
for closing the unlocking circuit to the other station. 
By turning the pointer on this dial the attendant may 
throw his batterv to the bell circuit or to the staff cir- 
cuit as required. The left hand dial indicates either 
"staff in^' or "staff out.'' The single staff in the left 
hand or short slot of the pillar is a special one for per 
missive working. In the "permissive attachment" 
fixed horizontally to the front of the machine, are six 
tickets, and this permissive staff is the key by which 
the attendant gets at these tickets. The special staff, 
when thus used as a key, cannot be taken out of the 
permissive attachment until it is closed and locked, 
nor <an the special staff* be put into the pillar while one 
ticket is out. 

Preparatory to sending forward a train the opera- 
tor, say at station A, depresses the lever or key at the 
right {K, Fig. 502) which rings a bell at station B; B 
acknowledges by pressing his lever, ringing the bell at 
A. A gives the bell signal indicating that he wishes 
to start a train, and then turns his right hand dial in- 
dicator so that B's current will energize the magnets of 
the unlocking apparatus at A. B sends the current, 
and A lifts a staff through the slot D, E, F. The move- 
ment of the staff to the top of the vertical portion of 
the slot lifts arm X and thereby raises magnets V V, 
and they in turn lift the lock. The staff is then moved 
through E to F and taken out; and during this move- 
ment it autcmiatically changes the right hand dial and 
puts the current back on the bell circuit. The opera- 
tor at A then turns the left hand indicator to "Staff 



Out." hol.lili;; it U.v -A rr\v s,-,-ori.ls, wliidi u|k-iis Lhe 
circilil ;lim! |.iiIs iIm' i;;ih;iiiniii,.HTs ;il botli A ;ind B 
to Zm., (Wlirh unlilirs ll„. M|,.-|,ll,M- .11 1! lilJii A lliis 
taken <nu :i sl;itl. II llirn iriiiins li> ils iinrni:il jinsi- 
tJOn tlu'siiiaJl lever Ik- «.is liiililiii- ,].,^^u. 

Whfii'e the iiijicliiiios :it \\\>' -^i.iiiiiiis ;iii' i uimiTii'il 
by a single line wit-e, luilli A ami II lunin.^ suinln-il 
off their beUs. the tieprcssiim uf the kfv l\ \i\ I!, iis 
atiove described, sends n current either h-wn ilif i;itp- 
]»■]■ oi' ziuc pole of his battery, :iccordiug to the jjositiini 
of the en 111 inula lor Z, whicli is reversed as a staff is 
put in or laken out of the cohiniu. In this case we 
shall iissunif Unit 15 sends a current from tlie eojiper 
[lull' of his battery. Thin i-urrenl paaees through both 
j;iilvanoraeters, then throiif^h a polarized switch to the 
electric luck V V and thence to earth, A watches the 
galvanometer needle, and as soon as it mtives over he 
■Withdiaws a staff. Tlie staff in its upward movement 
lil'is the i-iiilji \' v. Thfise coils in rising unlock the 
disk ii ;i]i<l |>i-niiit rlir staff to In; moved thr.iiigli E 
to F, aiLd I Ill-lire witlidrawn from the machine. The 
Witbilniwiil of the staff turns the dniin Q a qnai-ter of 
a revolution and reverses the coiniimlator fnmi the 
co|i|ier to the zinc pole, consequently cnttinj; off the 
copper current cent by B. The galvanometer needles 
In both machines fall back to Kcro, thus showing B that 
A has withdrawn a staff. A can now only send a cur- 
rent from the zinc pole, whicb hiis nn effect on IS's ap- 
paratus, and B can only send a i mirnt from ilic cop- 
per pole, which has no etfect on A*s instrnmeiii. As 
soon as the ii-aiii has arriv.'il at B and the staff i-* 
phK-ed in the n Iiiiie, the •Iniiii is turned iiai'k a qnar- 
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ter of a revolution and the commutator reversed, thus 
switching the wire on to the zinc poles. Both A and 
B can now send and receive from the zinc poles, and 
consequently a staff can be obtained from either a])- 
paratus. The staff taken out ap:ain causes the c<mi- 
mutator of the apparatus from which it was taken to 
be reversed, and the apparatus is thus ])laced out of 
unison again. The bell signals are given with alter- 
nating currents, thus avoiding any danger of a bell 
current affecting the electric lock. 

The locking bolt of the electric lock being very 
heavy, a magnet and current of great power would be 
required to lift it through the space necessary. To 
avoid this the inventors have placed the poles of a 
comparatively small magnet normally in contact with 
the bolt, which forms an armature, and the magnet 
coils are lifted mechanically by the tail piece X, which 
is actuated by one of the projections made by the rings 
on the staff. Thus if a current is flowing through the 
(oils the small magnet easily lifts the heavy bolt, but 
if no current is flowing the bolt is left unmoved. 

The drum Q carries, besides the disk for electric 
locking, four other disks, three of which are for me- 
chanically locking the drum after the manner of an 
ordinary lock, the staff with its rings being the key. 
This prevents any tampering with the apparatus. The 
five disks are mounted about 1 in. apart on a sleeve R, 
which rotates on the shaft passing through its center. 
The notches H, S, S; S, are in all the disks, and it will 
be seen that the removal of a staff rotates the whole. 
When a disk is returned to the magazine the disks are 
rotated in the opposite direction. The polarized switch 



Z is similar to a Si.'iin'iis ivlay, twn 
used." 

H thi; iiiinilier nf iniiiis iiuninj; in nm 
tinnes larger tliaii in tin- mlin- ii is ucn 
apart of tlu' staffs from uiir shuina in 
a moiilli nv tlifroabouts, acooniin^ in 
traflfii'. ^^'lll'll tIic pprniissive siall is i 
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.V to B, and is left sit B. uii furtliei- pwmissive move- 
ment is possible in the same direetion until the special 
Btafi is returned. It can lie returned, of course Iwith 
nil its tii'kets) by any train. 

(In the Chesapeake .t Ohio, a iiaiu entering; im a 
section of the line cnniriilled by a siiiif must tirwi get 
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Hii jill-dfar signal from a semaphore: and the lever by 
which this semaphore is rleare<l can be unlocked only 
hy the staff. The arrangement of wires for this pur- 
pose is shown in the diagram. Fig. 503. which repre 
sents the apparatus at Lowell. W. Va. Each home 
signal controls a distant, which does not appear in the 
drawing. 

Tn the small cut, Fig. 504, is shown the upper part 






y-'ir/. o(fJf. — .staff Crane 



of a staff crane, which, fixed at the side of the track, 
holds a staff in a vertical position, from which an en- 
gineman can take it while he is passing at from 15 to 
25 miles an hour. When a staff is taken out the hori- 
z(mtal arms of the crane automatically assume a verti- 
cal position. 

The action of the electric controlling devices shown 
in Fig. 503 is as follows: The operator having taken 
out a staff from his instrument unlocks lever No. 5, 
which works switch 5 and derailing switch 5. At the 
same time he closes, at 2<>, the circuit energizing the 
5-ohm relay. He then pulls over lever No. 5, making 



ELliCTKlC TRAIN STAFF ON' C. & O. 

;C' eteai' [lassiiffe fur llio train from east to 
■'Irack No. 1. and lakes mit the staff. Taking out tl 

(rtaff ojipiis Ihe cii'i-nii ;il :Jil. lint tin- ."i-nlnn n'lay is 
enePtiiwil, as -.i ninriir Ilu\\s i lii-oiii;li iis mils. Iiy \\a\ 

Of ttlC fn.lll |MM]|| ul- llir IIMrk. ni l-nliiii rrLiy, Tlir 

slot i.-irt.-uir is iKiw I'losed at -S. iTIir slm. :it L'!t, iiiusi 
'be enei-gized to enable the operatoi- in .■I<-;il- si^iul Nn, 
■7, lor the train to proceed). After piilliiij; Irvci' No. ^' 
the operator places the staff in the staff ri'aiic. ami 
whi.'U ia position it closes (at 27| the third aud lasi 
point in the slot circuit, energizing it so that signal T 
can he cloarod. Signal No. 7 being cleared, the circuit 
on the oli.'ctrii' lock through the 9-ohni relav is broken, 
loi'king leviT Xu. 5 in the reversed position, so that the 
swiicli cannot he moved until the train has passed 
ovKr the short track section just ahead of the switch. 

The enginenian of a train accepting the signal pvo- 
OPeds into the block section, and in jiassing the crane 
(ai L'7) lakes the staff. The withdrawal of the staff 
o[)i-ns the circuit on the electric slot, which puis si;;iiiil 
No. 7 lo the stiip position antomatically. 

The ti'aiii also de-energizes the 4-oliin relay by |.ass 
inji iin to the track circuit. This ojtRnB ihe circuit 
through the 5-idira relay, which stays ojnm until closed 
aj^in by The use of Ihe staff as bpforc de.scribed. 

Signal iever No. 7 being put back to the normal or 
stop pdsition. the O-ohm relay is again energised: but 
levrc No. y is held by its lock unlil the whoh' <>f Ihe 
train has passed off llie ti-ack circuii. and thi> 4-iilim 
relay is again energized, when lever Xo. 5 can he put 
nornnil. 

With iliisatTan;;i'Uient it will In* seen ili.ii ilie signal 



mi 
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cannot be given until the staff has been released, 
switches unlocked and set, and staff in position for en- 
gineman to take. And, when once the signal is given, 
the switch and derailing switch cannot be reversed 
until the train has passed over them. Should the oper- 
ator find that he has made a mistake, and that a train 
must come from the west before he sends one west, he 
can resort to a hand release (in a box with a glass front, 
which he must break before he can use the release). 
The key of this box is kept by the inspector. This hand 
release is usually placed in the lower part of the signal 
tower so as to make the releasing movement as slow 
as possible. 



Automatic signals, actiiiitcd by tlie piissnge of the 
wheels of the cars and engines along the track, were 
tried in this country almost or quite as eai-ly as man- 
ual block signaling; and as the wages of ctmipetent 
men have been and are miieh higher in this country 
than in Europe the need of automatic apparatus wits 
from tlie first felt more strongly here than in England. 
Consequently the automatic signals of the present day 
are the result of American development. In Europe 
they have not even been tried, except in a very few 
places. Tliomas S. Hall, of Connecticut, began hia ex- 
periments in 18G6, and in 1871 had 16 miles of road 
signaled ou the Eastern Railroad (now a part of the 
Boston & Maine). Uousaeau's apparatus was in use at 
I'liiladelphia at the time of the Centennial Exhibition 
in 187G. These early inventors used track instruments 
or treadles which, pressed down by the wheels of a 
passing train, closed or opened the electric circuit in 
a wire carried on poles from one end of a block section 
to Hie ofher. Hall and his successors developed this 
method to a high degree of perfection; but wire-circuit 
signals, except the KJ-mile section on the Boston & 
Maine, have been superseded by the rail-circuit, in 
which the rails of tlio track t.nke the place of the 
wii'rs; so that the "Idcst fonu nf automiilic sig- 
nal which is still in general use is the chickwort 
apparatus of the Viiion Switch A Signal (.'iniipany. The 
first iniportani pcnnanent installation of this was on the 
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Fitcliburg Railroad (now a part of the Boston & Maine), 
from Boston to Waltham, Mass., in 1879-80, though 
Frank L. Pope had made experiments on the Boston 
& Lowell eight years earlier, and at Philadelphia in 
1876 had worked a signal through a track submerged 
in water. Robinson's experiments were also important. 

THE UNION CLOCK WORK SKJNAL 

This signal is a disk, turned on a vertical spindle, by 
clock work moved by a weight. The arrangement of 
the signals and their relation to the track is shown in 
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Fig. 26. — Automatic Block Sifftial Circuit 
This diagram is continued on the next page 



Fig. 26, in which the parallel lines represent the track. 
H and H C represent the signals. The block section ex- 
tends from B to C. The rail circuit battery for this 
section is at b\ When there is no train in the section 
this holds relay r closed, which, in turn, closes the cir- 
cuit through the signal magnet s, which holds the 
signal in the all-clear position. The presence of a train 
in the section, or any metallic connection between the 
left hand rail of the track and the right hand, makes 
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. a lAorter path for the current and withdraws practi- 
cally all of it from I'filny r, allowing ita armature to 
drop, demagnetiziii;; s and thus turning the signal to 
^Uiestop position. The rnil circuit, connected hy wires^ii 
is carried through the rails of the side track at v for a 
abort distance, so that a train entering the side track 
Is protected, the samt? as when on the main track, until 
all of its cars are fully clear of the main line. The 
switch, or any number of switches in a block section, 
must be connected with the signal so that when set for 
the side track the signal will indicate "stop" to ap- 
proaching trains. The rail circuit may be carried 




! Bhtck Signal Circuit 
e diagram ehovin on the prfcedinri page 



through a spring connection contained in a box at the 
switch, so that when the switch rails are moved the 
circuit will lie broken on one side, and the signal turned 
to "stop." This arrangement is shown (enlarged at vc) . 
in Fig. 26. Another method ia tn run the circuit from 
the local battery L diifcl to the switch, as shown in 
Fig. 27. With this aiianeement the signal is con- 
trolled by the switch, even if Die track circuit should 
he derangedj hui if the switch ia a considerable dis- 
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n 



tance from the signal and the wires are run on poles 
there is increased liability to disturbance b}' lightning. 
On some roads the signal, H, is set about 150 ft. 
within the block section, say opposite c. Fig. 26, so that 
the engineman as he enters the section at a can see 
the signal turn from all-clear to "stop" and thus be as- 
sured that it is in working order and that his own 
train is protected. The battery, 6, in Fig. 26, furnishes 
the current for the section A B. A battery for a track 
circuit must be of low intensity on account of the poor 

insulation of the rails from the ground. 
It usually consists of two jars of the 
gravity type, kept in a well far enough 
below the surface of the ground to be 
free from the effects of frost. 

At each rail joint the two adjoining 
rail ends are connected by a bond wire 
to insure a good electrical connection, 
and at the ends of the sections as at a in- 
sulating material is put inside the splice 
bars and between the rails and around 
'the bolts. 
The appearance of the signal is shown in Fig. 25. 
The clock work is contained in the box immediately 
beneath the disk or target, and it is worked by a weight 
which hangs within the hollow iron post, 16 ft. high, 
which supports the signal. The target is fixed to the 
vertical axis supporting it, and when it is set so that its 
face is visible to the engineman it indicates "stop." 
For the all-clear indication it stands with its edge 
toward the train, or, as is the case on some roads, an- 
other target of a different shape, fixed at right angles 
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but |iiviitcd in-ai- its iiiiddh-. and Iniviiif: a slight tiiotiuii 
up and dnHii. ai ii;:lii angles to Ihf axis of the wind- 
ing- diiini. 'I'lii' iioii^'.iinia] bar is attached at its rear 
i-iid to fill- ai-iiiaiiii'i' of an electro-magnet and can en- 
;;a';i' iiiic fn- aiialhi'i' iif Ihe pins <in Ibe cross-liead, ac 
cordinj; as il is in iini' or the other of its positions. Tlie 
place of the pins is so chosen witli refi'i't-nce to tlii- 
di'ti'iii on lilt' liorinontal bar, that when the aniniture 
ai ils i'cai' end is attmi-ted, and thebaris al ils liigliest 
Ijiiint. the disk will lie lield in tlie position indieating 
"all riear." hnt if the current ceases in the eleelro 
mafrnet. its arniatnre falls awav and the detent releases 
til'' elocU work, wbii'b then turns one-quarter of a 
11 volution, carrying Ihe signal to ihe "stop" |iosiiion. 
It is arrested by the dilent enfraniny with the iie.M pin 
on the cross-bead. When the electro niajjnet ifl again 
eiiei-gi7.ed the rhuU work makes another nuarter Pfvn 
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lutioii and brings the sij::nal aj;aiii to "all-clear." Tiie 
curieiil tlir()iiji:h tin* electro inajrnK in the sijjnal is 
<-oiUrolle(l bv the track circuit relav, as shown in the 
diaji:rani, and this last is open or closed acci)rdinj2: as 
the block is occupied or unoccupied by a train. A 
broken rail, by interrupt in jr the current throu«::h the 
relay, acts on the sipial the same as a train. 

Since the movement of the signal is de])endent ujrjn 
the clock work this must be wound at frequent intt^*- 
vals. That this mav not be neglected and bv chance^ 
leave the signal standing all-clear when the weight is 
run down, the current which o])erates the signal is 
madt* to i)ass through a pair of springs which are lu*ld 
together when the signal is wound u]), but which are 
sepai*at(*d when the weight has nearly reaclKHl the bot- 
tom; so that just before the clock work is run com- 
pletely down the circuit through the signal is opened 
and the signal h^ft standing at "stop." Track circuit 
batteries must ordinarily be renewed about once in 
two months; the signal batteries will run longer. 

In consequence of the imperfect insulation, rail <ir- 
cuits do not work well for a length of track greater 
than about (me mile, and the most common length is 
sliort(4* than this. Where it is deemed unnecessary to 
have the block sections so short as this a number of 
successive rail-circuit sections are connected one to 
another, so that the signals may be placed two or three 
miles apart. When this is done the circuit of one track 
section is oi)ened and closed by a relay worked by the 
adjoining section. For exam])le, if the point J^, Fig. 
20, were an intermediate ])oint in a block section, the 
circuit made by battery b would be arranged to open 



The OTaiaf.—'nw ;llT;lli-riiii.n! nl' ili^^UlllI 
in antniDiKii' syslt'ins. iuid lin' ]isi' nl' aiiluiil^ilir 
on aiii;;li' Iriick. will h,- l;iLvii up in ;i l:iirr r 
Most »f III'' •■■.U-\\ : ii' Mnrk si-luil> Ii.kI 

tants. ;iiiil in ;niii.l llii* lUT.'ssily .il' [■.■i|iiiiiii;; n 
slaekcii sjifcd xw {\w si";iiiils (aw in cnsr iil' fi 
"nvnrliip" is used. Tlic jirriingeiiienl uf uvpi-laji i 
is slii.wu ill FiK. -21. Tlii> l.lcick seclion B C is 




into two piii-ls, mil' tViiin B to a and tlie other fi'om a 
In ilir iiiiiyi)iiigeiiil. The signal magnet, s, ia controlled 
\>\ file relays iK- and YC^ of both these track sections, 
and of conrsc will thus stand in the stop position as 
long as a train is on the rails of either section ; and in 
addilicni Id lliis llic relay, R". of the iivei'lap section, 
iiitiirols relay R', so llmi. until ii train passes^ u. liie 
signal at A (the beginiiiii^r of se.lioii .i B, the next 
section to the ivesl) remains in llie stop ijosiiion, thus 
keephifi trains frmii approarhinj; B until Die preced- 
ing train has passed beyond a. The switchbos .i- con- 
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tains a circuit breaker, controlled by the switch rails, 
so that whenever these are set for the side track the 
signal at B will indicate stop. 



Xo new clock work signals have been pni up sin<e 
1894, as other kinds have been fou^id more desirable. 
The enclosed disk signal, first extensively used by Hall, 
was early in the field, but until about 180:^ it was used 
only with wire-circuits. The track-circuit was from 
the first in great favor beca^ise, aside from its other 
merits, it usually detected broken rails, and because 
its efficiency was never impaired or interfered with by 
th(? accidental breaking apart of a train. The electro- 
pneumatic system was brought out soon after the 
clock-work, but its progress was slower lu»cause of its 
greater cost. The most extensive installations of 
clock-work signals are those of the Boston & Albany, 
the Old Colony (New York, New Haven & Hartford) 
and the Boston & Maine. On each of these roads large 
numbers of these signals have been in use 10 or 15 
years and more. The regulations for their use are quite 
simple. The essential clauses of the Boston & Albany 
regulations are as follows: 

When the number has been placed on an automatic signal, it 
denotes that it has been put in operation, and should be observe<l 
under the rules. 

Enginemen should notice that an automatic signal changes to 
danger when a train approaches within 2(X) ft. of an all-clear signal. 

When a train finds an automatic signal at danger ( that is, show- 
ing a red target or light), or if an all-clear signal fails to change 
to danger, its speed will be reduced to three (.S) miles per hour, 
and fit wllll proceed only as the way is known lo be clear; but 
the signal must be reported as if causing a stop. If the number of 
an automatic signal is covere<J or erased, enginemen will proceed 
with caution through the section to which that signal applies. 
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It II I p bse el I V. \1 .m wis 

the BiKiiiil^ :.'ilOft. iu adviiiu'.' ut ili<M'iiir;iiii'<' ni n ],]„<k- 
Bectioii. 'I'liiti in to enable tMiii t'[i;;iiji'iii;iii in kimw 
posilivcly liiiil llic signal is in wui-kiug nnjci- Mini lias 
moved m ilic slop pusition, so as to pruU'i-l liis ii;iiii. 
This iJIHI-fi. ai-i'augi'nifiil is not iinivi.'rsal wiili muc 
iiiitiic si^iiuilw. It is objectioualilc, at least tUeoreU 
i;illy, lo have eiisinemen run past a signal wliich is in, i| 

or is DKiviiig toward, the istop posiliou. Again, a signal ji! 

might lie moving to the stop position, just a 8e(.:oDd or j! 

UMi licfine tile engine wheels entered the section, by 

LciisDii of the 111 ispl a cement of a switch; and the en- t- 

giueiiiaii would lliiiiU that the uioveuient was caused ^ 

by his "WO eujiiuu. On tLe other band, if the signal is J; 

ftrranged to move lo tht; stop position after The engine t-.i 

lias passed il. there is no check on its operation. A ej 

si;rii:il iiiiglil be out of order and stand continually in 
the Mil-rleai- ]iiisitioii and the engineman never know 
it. To liavi' a Inakcman or flagman on the rear end of 
ilii' ii-aiii wali'li liic signals and record their movements 
!•■ intended wiili soiue diflicuUy and has never been 
systematically iiTidei'taken. On railroads where the 
Bignnlw move to the stop position behind the engine, 
thfi tillicers awwert that tlie design and construction of 
llir signals and the efficiency of the c;u-e and inspei;- 
ii<iii warrant the asBurnplioD that ilaTL^iTous fiiiliircs— 
failure of the signal logo to "stop" when a train ciilers 
the section— will imt occur. 'I'lie "normal-danger" ar- 
iaii;;rment. lici.iii'H'i- to be desi ribed, oli\iales some of 
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\\w ()l)j(M*ti()iis to stMtinji: the sij^nal behind the engine. 
Il was foniK^rlv cnsleniarv to reuuire trains lo be 
bicMight ti» a stop on (^neonntering a signal showinir 
red, or not in working order; but with suitable disci 
|)lin(* tin* i)resent Host on & Albany rub* is found satis 
factory. The same rule prevails on the (Jentral of New 
Jersey, wln^i-e automatic block signals of another kind 
are used. On the Lehigh Vallev and tlu* IVnnsvlvania 
the rule requires a train to stop on<» minute, and then 
pnxeiMl, (expecting to lind an obstruction. These thret^ 
roads, unlike tlu* Hoston & Albany, have distant as well 
as houK* signals in their aut(miatio systems. 

KngincMueirs reports of stops, are, of course, prompt- 
Iv (^xamin(Hl, and if found to indicate anv defect or de- 
rangement of signals are at once attended to by an 
inspector. 

Trouble is sonn^times (»xp(*rienced by using hand cars 
on tracks (*onnect(Ml with clock-work signals, because 
the hand car will not always make a thoroughly good 
conne(*tion betw(H»n tin* rails, and the sigiial operates 
to show danger or safety according as the circuit is 
repeat(Mlly c(nnplet(»d or broken by the hand car, and 
tlu» clock work is (»ntir(»ly run down; it may happen 
therefore* that the signal recpiires to be wound several 
tim(»s a day in order to keep it in service. This can b(* 
prev(»nt<*d, of course, by using hand cars with wooden 
wh(»el c(»nt(»rs, but th(»n the signal would never be 
operattMl by hand cai-s, and if on(» sliould b(» left on the 
track th(» signal wcnild not giv(» warning to trains. 

Th(» (»nici(-ncv and reliabilitv of automatic signals de- 
p(»nds (ui constanl and int(»llig(Mit inspection and care. 
The numluM' of failurc^s of clock-work signals is (u*di 
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iiarily but ii Aery small fraction of 1 p(»r cent, of the 
number of opeialions, but nevertheless is ])robably 
larger than from otlie]- foiius of automatic si«;nals. A 
variety of causes may make the signal sliow "sio]»" 
when no train is in the blncl<. A broken rail, a 1m ol<en 
wire above or below jiround, a bad (oniieclion oi- a 
broken s])i'in;^ in tlu^ switchbox, faihire of the l>alle.y 
or of th(^ relays, oi* tlu^ breakinj^ of a l>atleiy jai-: alsi>. 
since the rails require to be bonded with a wire j>ast 
llie joints, a failure mav b(^ caused bv a broken wire. e. 
liy lust in the holes in the i-ails; cinders on tln^ track 
may also cause so <ireat a leakaj^e of current as to 
make tlie signals ino]HMative. r>reaka<;e of batteiy jars 
has been a <ii'eat source of ti'ouble, but this can l)e al 
nest entirelv done awav with bv usinj*' first-class ma 
lerial foi* tlu^se jars. 

The worst failui-es of an aut(unatic signal ai-e, ot 
coui'se, cas(^s w liei'e the signal should show "sloi»" bur 
is ictuallv standing" cleai*. These are vei-v i-ai'c and the 
record is constantly becoming' bettei* in this i-es])(M-t. 
The ]>rinci])al causers are li<ihtnin^ (in the sumimui, 
sleel stoians (in the wintei-i, fixed ma^n(4ism in the re 
lay or the signal ma«iiiets. or the stickiuL*- oi- binding o' 
soiiK^ ])ai't of the clock work. Ih'ttiM* mechanical work 
will eliminate most of the* failures of the clock wiii'k: 
such as I'emain bein<i- dne to cans(*s inhei-ein in iIk- 
]H'inciide, and only to be ;^nllen rid of by abandoning 
ihe ch)ck-w(>rk allo.uctliei-. A heavy rain in winlei- 
tniiiinii' quickly to snow oi- sleel will sonu^imes slick 
all th(^ clock-AVork signals in tin* jiosiiion in whirh lh(\s 
hapiM'n then lo l>e, and they will not ANork ai»ain uniil 
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Hfl fn-)' h_v lii-fjikiiit,' iiwjiv ilir itn nv liy iiiiMlt'niiioii ot 
the li-ni[«'iiiliiri'. 

THK K.VCLOSKI) DISK SKiNAl. 
T)i<' •lisiiii<-iiv<- iMfi-ii at iliis si<>iiiit is ilini iti<- iu«v- 
iiig jiiiils juf i)i()tci-ti-»i frimi wind, liiin, snow jiiid ire. 
mill llici-i'fin-c (Jill In- iiiiidf li;;lil t-iiiiiicli m he iimvi'd 
h.v 1111 I'li'flm-iiiiij.'iit't of iiiodcraic size. Tliiis llii' use 
»)f a uiiin- [inwcifiil foicc, such ;iw llii' wi-iy:lil jiiid rlork- 
work. i« niiiifrcHMJiiv. Tlie siti^iiilM of lliis lypt' iiimk' by 
till' liall Si^iial riiiii|)aiiy. an' ronsli'iirlcil iin tin- saiiu- 




Ki-nitral |)ini»i[ilf !i« those iiMcd liy that coiii|iaiiy at 
Hi'Hl witli wiio <in:iiils. The iiiriinpement of cii-iiiiis 
Hhowii in connection with the ilixk-work Hip;nal iFif;:*, 
:i« and 27) in ai>i)liralile to all automalii- sifinals. Tin- 
ontwaid iipjM-arancc of a wooden case for an cni-loHt'd 
NiHTial in shown in Fij:. -H. The rawe is Hiijiporli'd on 
n jiiiHl i)f snitahlp hi-ijjlit, or on a bridge, and is nsnally 
painted a dark color. Tlie disk, about IS in. in diame- 
ter, made of Hill; or oHiei- lipht falii-ie, Htretehed on a 



THE EXn.OSKll niSK SIGNA 



oietal i-iii};'- "i" 
unnaiiii-e of :i 
Fig. 2!). Wli.'i 
iial iiuLjiiLft iw 




IiiiIiIk iIk' disk up, in \hv jiusiLiuu slmw u m lIi' 

Kit:. -',»; and the ap|ii- -Iiing eiii;iiii'iiLau, Ion 

the filLisa-i^overed (rjii'iiiiiy. 8ee« ^l\<■ liack of 
terior of the cn^^r. which is ii.iiiiied whin'; ilii 
^ill rliMi' Kignal. < Ml iIk- w iiliilrawni "l Mir 



8 is tin- 
electiii- 



120 



THE BLOCK SYSTEM 



1-urrenl the disk dri>|>s by ij^itvity lu n iHisJiiun Itefnre 
tbe windon ithe armatun- iind rud taroiiig uu tlie axis 
as sliowut, thus dtsplayiiif: a red. or stop, sigual. Fin- 
.1 distant si};nal n Krt^o diifk im used. lu the oldei' 
irtyle of si<;u;il the oight 8i}!ii.il i» a hiiuji lixed at the 
back of thi- di^k, outkiide tht- ease, showing nncL>]oi-til 
for atl-eleai- and illuniiuatiu^ the elotli disk for the 
opposite imiiciition. In the later designs the laaip is 
|daced bai-k of the smaller opening near the lop of the 
rase, and the iipjier end of the ri«) whieh carries the 




<'l(ith diuk (See Fig. -JU) has tised tu it a siitall traus- 
paicnt diKk, colored to cwrrespoud to tbe L-«lor of thf 



Tlie Hiill enclosed disk, shown in Fig. 2ii, is usually 
mounted on the top of a post la- pillar, as before stated. 
Where home and distant signalx are used, the cases 
ace arranged as shown in the cut on page Hi), whieh 
represents a signal on the Philadelphia & Reading 
The upper signal i 



Kaih-oad in the Hchnylkill vail 
liiis a re.1 disk, and is the laiine < 



ml, while the lowei 



THE ENCI,0S[<:D DI;^K SIGNAL 

one li;is a ixn'ru .li.-k. Ii.^iii- llic dUUitit fur the bli 
aecti'iii IK \r Iji'mhhI. This sl.vic is used jilso iiii 
Lehitrh \';iI1im- I'.i.i.l- In- Mliiiuis r,.uinil for ;i 



tt 





I fa 



iiiili-.-^ I lilt (if t'liicagn. shuh' parts iil iln- line li^nc Imiii', 
His ;iiid ci-rlit iiKiiii trnckP, Tlie nrriin.^i'iiinit i.f H^il! 
(lisU sifiiijils nil M Itridjic mi iliis line is shuwu in lIu' 
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Mit on i>iijr#* liiiK Tli»' ljit»'st design of rh»-- Hall Si;j:ual 
Company's si<riia] iiistrnni»'nt. describMl in ronnection 
uith Fi^. 2I». is shown in iH.M-sjM-rtive on rliis pajre. The 
lowffi' disk, the dHyli*:hr sijrnal. is made of doth ired 
for a lionie. and usually <rn*en for a distant signal •; 
while the upper disk, the ni^ht signal, is made of thin 
glass, of the same eolor as th<; lower one. 

The enelos^'d disk signal as described in connectii»n 




with Fig. 2S is now made both by the Hall Signal Com- 
|»aiiy and the* Fnion Switch & Signal Company. The 
Fnion (/'om|)any'a signal is shown in the illustrations 
on pag(» 121. In lliis d(?sign the case is of metal (pressed 
Hte(»l). rt is made very narrow, leaving room enough 
only for \ho disk, and th(^ eh^ctro-magnet is contained 
in i\ box outsi<l(» lh(» main case. The joints of the case 
jire <'jnilked, making il airtight, so that the disk cannot 
be alTcM'ted by moisture*. The box containing the mag- 
n(»l is also tight, but can b(» unlockcnl by the repair- 




may h.- Lw.ilvrd i»i Us Ijciiriii-s. W iili iliis :i\r:i 
meut iIji' n-|iiiiniiiiii i-au, wliik' sliiiKliiij; mi llir hul 
turn ii iinintii] lui* i'!i>aniii{£ or innjH'ctioii. iiinl if ;i 
nal is ]>iii mil lit' si'i'vicc llic ciisc i-iiii bu ninn'il i 
its i-dfii- lun-Jird aiijii'iHifliiiifr Iraiiis. 

Wlifiv it in (li'siued Lo use greeu fiu" tlie itil-cl 
coIot iiifliriiTiim in rlic davtiine the inside of the I 
of the ease imii !"■ [laiiiletl ihat color, so that wlicu 
disk is witliiirawii tlie aii]iii>arliiiif; engineman will 



KiirlnseiJ si^'iials iiia,v l»'C(iiiie obst-LiiL-d h\ daiii|i 
snow sticldug t(i tlie outside of tLe glass, aud some- 
liiiii's the ra.vs of the sun, or light reflected from the 
~1;\, will iiial;e it impossible to see the color of the 
signal |iriiiiij»tly on approaching it. These dilHcultifs 
may rausi' dfla.v to trains, but lliey cannot be called 
idriiienl.s of danger, as a signal ini]]crfet'tly displayed 
iiiiisi, arcording to a rule which is universal, be re- 
garded as a stop signal. The oflicei's of the railroads 
using lllesi' signals ilo mil seem In 
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^iriirU' rrnt-lc rori»'l w;*?* nn rh^* •'*m«-inn.j!n, V-w ♦ ►rl'^iiis & 
'ff-XA:* i'iif'itit'. Thr»^ kinds of si^rmiN i\r^ rli-r*- n*-*!. 
rh*" 'io.-k' w-ork. rh»- ♦^n»-I«»s#^1 tiisk. ma»it- }>y "Ll- H Til 
^'♦rmp^ri\. nnd a sirnilnr siim.il mad*- bv r[i^ r'ni»»n 
7»wir»'h *V SijfTiHl Compjiny. L>»^S4-rih*^i in rh*- j'L'v-«:i-«i- 
in^r i-h^prMr'. •'n rhe line of rhi> road fr»>ni •"in- 
^•inri/jri to <'harrjin»w>*ra there are 27 rnnn*^l<. and 
the '•ijfTiHi?* wer*r at tirst intr«Min»-»fii in is4lhlt^'tl 
^-••tion-* ffir th^ protf'rtion of th»^ line rhr«»u;2h 
th*'**- njnn^'I.'*, hrit additions have Y>*^u madr from 
v^-ar r*} v^-ar so that now about 23m milf-s of the 
lirM- is sijrnai^-d. Th*fre are no distant si;;nals. the 
ovv-rlap Ufinjr iis^-d in all «*ases*. The M«M-k st^ttions 
ar*- froin on^- riiile to ;>.5 miles lon«r. Trains in ►-aeh 
dir^'^-rion are ^ov^-rned by the j^i^als on the rijiht hand 
«id*' nf th^* trar-k as ?»^f^*n by the enjdnenian. The over- 
la ji is in iriost r-as^-s about half a mile lonjr. and its end 
iH indieat>fJ by a wliite fKist. fixed at the side of the 
road, b^-arifi^ the nnrnl^er of the si^al controlled by 
that jW'^rion. The l^epnnin^ of each bloek section is 
alHO indicated by a prw*t. This |K>st is about 7 ft. hijrli, 
and if bears at the top the words "Electric Sicjniil 
rdock." the sijrnal itwlf being set 210 ft. within the 
block section, so that the en^nenian may see it move 
from the clear to the stop positirm. 

The drawing. Fig. *50, shows a sketch of three con- 
Wfciitive block sections with the signals, wires and 
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batterifs aw llicv ;ii'i- ;ii-i-aiiy:i'ii lo jirotc.-l Iraiiis fro 
both n-ai- am] Imiiiiii; rollisinns. Tli.' I.-iiitk A. II, 
etc., iiKli.-aic lln- nids nl \\u- nark iii,i]iis, nul ll 

block sc.-linlis. 'l\\r lilnik M'l-liMii, ^n:- riulii A hi 

from r [•> K. ami fi-nai K \.. II. TIi.'m' Iriirrs aii- ii 
spaced lu suali'. aail jiai-ts .il iln- lail lhii'< :ii 

WireB have bPCII lunkra mil in sa\i' s;i;nr. 'I'! d 

QOmbei'ed signals ;:nvi'i'h snaihhnaail li-ain-; aiiil i 
eTen-iinmliefL'd sij;iials liui-flilnniiHi iniiiis. 'i'ln- si 
fcssivf jmsitioiis of a weru's of wifiiials as ili.'.v aiv -i 

r; I by a south ho mid train air sli.iwii in llii- IoIIk 

ing table, ill whirli <' ini'aiis I'li-ar si-aal and If a 

red Biyrnal. 
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For -■xanLplc. a Irain \n sr.tinn T-h hid, Is si-aals !i. 
II and lli ill tin- stop iii.siti.ni. So far as tin- artioii of 
111!' sijiiials is .■oiK-.Tiu-il, it is lo be i-eiiicmhcn-d lliai 
tliese tliM'i' siffiials wonid stand in tlie stoji position 
for a train in this sci'lion witiiont rettai-d to wbit.'h way 
it is moving. Tin- way in whii'h a li-aiii jirott-i-Is itself 
tnay also be clearly iindiT-ttood hy following tlii' ron- 
iii'ctioiiN to one signal, sai No. !*. The presenci' of ilie 
train in section (~'T> vyvua tlm relay D' hy short uir- 
cnitinj- praotirally all of tin' iinient fnuii liaitcry ('-. 
Thf dropping of 111.' ai'Tiiaiiiir ■•{ 1")' o5">[is ilif thrn* 



t»ii» u" i,i-,»» oJ»*•1!^ t VI'* ••m.iiiiu:. Ill }*in*^ i tsuriiu 
V 'J'ii» fe<;ni*- VI*'*- ■' V 1* i»* <**-«^u. run*' "ii-nitiri ~v i 

*J '. '-iih;' tj'U • ii*^- li*-^iC *^lid ]»•■'•'*—■• I'll,. "fiii^^jCi*^^ i 

'»<■ t, ;: ».»!.>♦ V '.HI iu •'.' J» <;ud r»i^v*Jj^ AVii-'L 'jit- li!>;: 

i 1 <'■ dc' ': ' \ '.Hj ' '.. V n . J ] . V h '. ' • I: Uii*- ^ t*-*^! ] »?•*- Vj . i U*^: } *it''. . 

]► «l<-^f<-d ijjud J^'o. 3 3 > M-1^ ijud ••'• ^»u fr^'ii: •*^'ri'ii, '- 

lljjai jij <';^>-<' of faUur*- <;f auv w^oj^l ^ fta<rmaii njii<-* 

TIm' niU^ of ih-' ^',. \. ^1. & T, P- on thii* fK»ini is ;i> 
folloH>: 

•'If ^^M* »<ijfiJ^i ifc f*^ \Mor*' lii^ ir«ifj *fiit<ef> tbe block or ift whii*- 
«fj<j <lf>*^ ijxyi *'UHUt** io r<-<i \j^for*- ih*i xm'iu reach** tbe siCTja] h 
iij/Ji''ai<*» thiuy^t't attti ^h" ^tstUt wu^x ^^op: M?rjd a flaniiau id ad- 
YHft'** Umn*'*i'ni^**h' ' w?(ji fiv4- f«jjj"t«*i« aft^r th<i flajrmaD baj? starred 
«!<'! iUt*ii in'tH'****i\ ^iu*\*'f fuii **finro\. ttox *ix<ti^ini: wx miles an 
honr. ijfjtil fb<' </l;tft ni'tiou i> rt*H<h**d or th<; train r^sw* out of th^ 

TIm ttiH^tiiHU or r<'jir hnik^Truin of f-very train is re- 
<|iilr<*<J to ol>H<*rv<' the* Mi^naln which r-ontrol move- 
tin*u\H of tnihiM running in Ww dinH^tion opposite to 
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rh»r of hi« own rrain. iinit ro prompriy r*tp«irt if :«i<:h 
.4i(i^alH fail ro r^lear when lie paiwe* out of rhe He^rrioD!* 
of rrack whirrh rhev i^onrroL 

To avoid iinne«!eHi*ary debiy«f esi^th pa?wen;^r rmin 
'•aiTie« in rhe bairflwjrf* rjir a liijtir riiree- wheel haad- 
f^ar with which a bnikeman «'an •iniirkly run ahead «if 
rhe train ro rhe nexr blork :*ijrnal in atlranite. 
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Alll.imillic M.)i-k sij;u;ils woi knl by llir Wrslill- 
hoUMi' i.'lcrli-ii-|iii(?umatk- a[i]iariinis. iiic in dsi' mi llir 
PenJisylviiiLiii. the Havleni Division of ilir Nrw Vi.il, 
Cciiti-al, tlie Chicago, Biirliu^;tiiii & guiury, ilie l.'lii- 
rai;<i & Xorthwesteru and tht Woutherri I'acilic. Oii 
llit; Pennsylvania some of lliese signals were pnt uji 
16 j<'ars ago, and the company now has the whole 
of the main line of its New York Division and ovtT 
;-lll niilpK of the I'ittshnrfth IMvision equipped with 
iheni. These lines are all foiif-lrack. (Ilher parts of 
the road are heiug eijuippc)!. 

The interhii-kinfi machine and the pneumatic ap- 
I'iiratiis fii!' miiving switches are an important feature 
>\( the Wesiitighouse system; and block xignals are 
worked in iliis way chiefly on very busy lines, where 
interlocked Hwitches, and signals for swiU-hcM. are 
nameroiis. In such a situation a single air (-iini|»resso]- 
sei'ves for the yard work and also fur several miles of 
hloek signals, so that tin- cost jier signal comes within 
a reasonable limit, whei-eas ihe exjiense of a com- 
pressor for the liloik si^'ii;ils ;diiiLc iiiiiihl uiil be 
dei-med warrantable. 

The essential parls of the syswiu jtre: (1) 'I'lie hat- 
lery, rail circuit and track relay and eonnecliuus. rhe 
same as in the automatic sysiems already described: 
(2) Ihe signal. ;i lidl-size senLiiiihore; (3) a cylinder, with 
a piston, for moving the signal arm by couipreBsed air, 
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and an electro-magnet for controlling the admission 
of air to the cylinder; (4) an air compressor (with reser 
voir and with cooling pipes to precipitate any excess 
of moisture) and a pipe. laid along the side of the rail- 
road, above or below the surface of the ground, to con- 
vey air under pressure to all thi^ signals. There is a 
small auxiliary reservoir at the foot of each signal 
post. On four-track railroads the signals are arranged 
on brack(*t posts as in Fig. 4 (pagi* 12) or on bridges 
as in Fig. .5. On the Pennsylvania^ bridges are used 
in most cases, and the cut. Fig. 34, shows an iron- 
post signal designed to go on a bridge. In this signal 
each arm is arranged for giWng two color-indications 
at night, having two spectacles. On the home signal 
one is fitted with red glass to indicate "stop'' and the 
other with green to indicate "all-clear.-' The distant 
signal shows a green light for "proceed'' and a yellow 
one when the arm is horizontal (indicating ''be pre- 
pared to stop at the home signal").* In Fig. X\ the 
lamps (and counterweights) are nor shown. The arms 
have each one glass, the go-ahead indication being 
given by showing no colored glass in front of the light. 
This is the Pennsylvania Railroad practice. Fig. :^8 is 
an engraving from a photograph of a signal bridge on 
the Pittsburgh division of the Pennsylvania Railroad, 
where five tracks are signaled. The observer is look- 
ing west. 

Where electro-pneumatic signals are used the block 
sections are usually short — not over 4,000 ft. long — 
and the distant signal for each section is placed on 
the same post with the home signal of the next section 
in the rear, as shown in the diagram Fig. 33. This 



♦See note on page 13ft. 



diagi';iin showw lli..- ciunlitin'ii 
arranged, foi- iLrec liincl; sc 
to C, and C lu IL Thciv is 
section, but llio otln'i iwo arv i 



si'iiials. rlins 
A to JJ, n 




Fig. Sd.--Elfcii 



Block Signals 
I'ropriatel.v iutli- 



Tlif sifinal posts A, ]i, ('. is i 
catpd at 1. 2, 3. 

The home Hignal armB, a1 IIli> top of thi'Me jiosts, an- 
iiiiivcd to all-cli-ar liy the pisiiicis in the cylinders c'. 
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c' and c: nui\ rh#- distant sijrnals are similarly nioveti 
thrriu^^li f'ylind#-rs d^\ d' and d". Air pn*ssiire is sn|» 
pliMi TO fl'f- rylinders throufrh |»i|»es from tlu- rom 
pn'ssor, indiratfd by heavy broken lines, and this sup- 
ply is eontrrdled by valves moved by ♦•lertro-majrnets. 
worked rbron^h wires c^ and /"\ r and r"-. i*Tr. These 
c-irc-nits, enerpzed by local battt*ries. L\ L-, L . are- 
open^Hl and rlos»'d. as in all track eirniit systems. l»y 
tlie relays r*. r'-. r. 

The action r>f flie signals as affected by the passajre 
t>f a train may be traced by bepnninjj with section 
CD. This section beinjr now free of trains, relay ♦"'^ 
closes the circnit through the valve in cylinder c and 
admits air. putting the home sijrnal in the all-cbNir 
position. When the sipjnal assumes this position it 
closes, at F. the cinuit through wires 14 and 15 to 
cylinder r/-, controllin*; the lower arm at B, whicli is 
the distant sip^nal for section CD, This sijrnal. how- 
ever, in the present case, remains in the horizontal 
position, because its circuit is held open at ;//. by the 
home si^al at B being in the **stop" posititm. This 
break at ;;/ is provided so that an (*ngineman approach- 
ing B may not be confusf*d by finding a stop signal 
standing against him while the lower arm appears to 
give him permission to go on. A home signal, when it 
goes to horizontal, always causes the distant signal on 
the same post to do the same. 

The presence of a train in section B C causes relay 
f^ to remain open, and this leaves the home signal at 
B in the stop position. The circuit from battery L} 
being o[)en, cylinder d^ remains unchanged and the 
distant signal at A remains horizontal, corresponding 




Ill llie latest insljillji lions of I'lci-lni-pneuniiiiic sig- 
[i;ils tlie wires from tin- liome 8i[;iii'lf to the liisnmtB, 
10, 11, 12, etr., firp omittPrt, and the dictfint Higual is 
controlled b.v ii iidarized nlny, actnati'd l».v the track 
I'ii'init, as eziilaiu'd below. 
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The track circuit relay most commonly used with 
theBe signals lias its moving parts enclotied in a cir- 
ciilar dust-proof box, with glass sides, the coils, with 
their cores, being placed in a vertical position on top 
of the box. A sectional view of this relay is shown 
in Fig. 37. The distinctive feature of this relay is the 
device for preventing the signal from remaining iu the 
all-clear position in case the contact points at a, should 
become fused by lightning and remitin Btiick together. 




Fig. S7.—Relay for Antomatv! Block SigrtalK 



In such case a becomes the fulcrum and when the coils 
are de^energized, the lever ac drops at its right hand 
end, this being made possible by the introduction uf 
the pivot at b. Connection is thus made at c and the 
local or signal current flows from the battery through 
ac and, by a wire connecting the screw cc with one of 
the binding jwsts at C, back to the battery, thus weak- 
ening the current through x to the signal magnet suifi- 
ciently to allow the armature trf'the latter to drop 
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■(' tn "stop," the 
a. In iiur- J 
"ted at .V, 
villi it Lhi- 

same as though the two wcic iij;iiil> Nisivm i) in^iHhi.'i-. 

Tbp fiivM-iii Mows fi-Hiii Ihp bjiiii'iy iliinin;li l.iniliiii; 

pOBti;. COllMrls,,, llir;innilture. iilKl llu'lhr, hv ii wiiv 

attach.-.l ;il .f. hi ilir signal iiNirurl :iu.\ l.uil, i,, iln^ 
battery. If iIk- [.oiots ni <f bi-eoiin- i'lLswJ, kM\lii- ilir 
sifTiiill rirriiit rlftHt'd, tlu' (Jenia^lii'li/.iitiori nt llie mils 
ff, Ijv the passage of a train, will mil open llic signal 
circuit, and the vital fiinetion of the iriay is interfered 
with; hut Ihe withdrawal of the mrrent from R allows 
the light hand end of bar ac to drop by f-riivity, as be- 
fore deseribed. :un\ witlidraw nearly all of the curreni 
t'i-oni the sigiKil iiiaynei by inakini; a sliorlii' return 
to the battery. 

The eii'i-niar box which -eiieloaes the workin^i nieeli- 
auism has top and bottom jilales of brass; and sides, 
.s:.;;. made of a ring of jilate glass. My using the snmll 
hole at c Ihe arnintiire ran !"■ imiviil wiili a long 
needle. One of llie screws. /', h\ wliirli ill.- <ase is held 
togellier, ran be rovered al Ihe top with a wax seal, 
Ihns enabling the chief inspeetoi' to keep a record of 
all occasions on wbirb the box is opened. The delicate 
parte being enclosed in the air-tigb! hnx. (his relay 
can be nsinl in bal tery wells or other dainji phiei's. 

The annami'c pivots snpjiorting the liar.r have glass 
bearings. The screws sii|i|iorting iliis bar at iis eTida 
are hollow; and the bearing, which is a siiort piece of 
cylindrii'al-shajied glass, is iiiserfed in the end of the 
sci'cw. This glass is aboal ^' in. long; and lo avoid 
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failure- in c*ase of fractur*- it is *-n«:as^ in a hard rub- 
\Mn- thinihle whi<-li is scr*:*wf-d on To the brass s«*r»fw. 
TIh- binding post «-iinnpi-ti<»ns of this rHay are so ar- 
ranjif-il that th<- insp«-t-Tor i-an take out on^- of Th*:* roils 
without disturbinjr the oth«-r: and *-ath rtiil ran \te 
!#-stwl s^-jiarately from th*- ontsid*-. 

T\u' up]K^v contact points of tra<k rHays can t»e 
t'Uhi'V <-arbon or phitinuni. rarb«»n is nst-ii. \vher»- its 
<ondn^-Ti\iiy is snfti^-ient. to avoid fusinjj by li*rhtnin«r. 
Th<' T-shap*- (*f th»' f-nd of the armature, f-iiinbined 
with its lijrhtii^ss. makes it snttiiiently ehisiic so that. 
\vh<'n it is drawn up, th<' <-ontaft point is made to slide 
on the carbon or platinum surfa<*e, whirh makes the 
eonn^Ttion s^-lf-eleaning. In two-jioint r«'lays the con- 
tacts ar<' ba la need so that the jiressure is eipial on 
both. i'V*'!! if the adjustment be not the same. 

Th^' arranjrement for workinjr automatic distant sijj- 
nals without a line wire is ipiite simjih*. Eadi distant 
signal iH'injr on the same post with a honn* sijrnal. the 
traek «:ireuit jrovernin^ the home si^al is made to 
jrovern the distant also, by means of. a polariztnl relay; 
or. rather a combined simjile and polarized. The relay 
ofiens and closes the lo<-al circuit for the home sipial 
in the usual tnanner, without regard to the direction 
of the current, bv means of an armature at the ends 
of the cr)res: but it closes the circuit for the distant 
only when the current flows in a given direction, an 
armature to be moved by the reversal of the direction 
of the current Ix'ing added between the coils. This re- 
versal is effected, of course, by the movement of the 
home signal at the next post in advance — the second 
block section in advanc(? — which block section is the 



oneforwhich tliif^ . 
ferrinj; m Fij;. :!:i. 
Cait tliiotigh f- in 
home Bipnal at C \\ 



I gives indications. Re- 
i'xani|ilt', closes tlie i-ir- 




Note.— The trni'liB, bPglnnlnK nt llu> \vt\ uri>. Xii. U, c 
Ho. I, eaK[lH>iin<l freight: Nn, ^ nvstbound frplKliI: 
IWBefngcr; No. 4. westbound [ia8Beii(,Tr. It will be 
stgiuilB are of untfnrm hpl);bt, the appnrent clifTereiK 
ihi' i^Uort penpecttve, the hrlilui' being B ft. n-Iili*. 



immii] fi eight: 
a, castlMmml 



tion, it chanjfes the polaiitT of tlie track rircuil from 
battery .s, by ii |nili- changer lixcd to tlie signal posf, 
jiiul suitably coiini>i-red to tlie track -cirMiit, tind thus 
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cnnseH the polarized relav, whirli takes the place of r- 
to close a circuit through (P. 

When the jiolarity of the track circuit is changed 
there is a brief period of time during which there is 
no current flowing through the circuit. To prevent 
this from opening the local signal circuit the relav is 
so wound and adjusted as not to respond instantly to 
the withdrawal of the current; before the armature 
falls awav the current is restored. 

The signal shown in Fig. ^4. which is the latest form, 
has a hollow iron post, and the rod from the cylinder 
to the arm is within the post. This arrangement is 
shown in the sectional view. Fig. 35. The cylinder, 
fixed at the foot of the post and covered by -An iron 
box, is shown on a larger scale in Fig. 36. The weight 
of the rod within the post, with that of the spectacle 
casting, serves to throw the signal to "stop" when the 
air pressure is withdrawn, so that no other counter- 
weight is needed. 

Switches can, of course, be treated the same in this 
as in other automatic systems. Where mechanical 
semaphores are found, having been erected before 
the introduction of the block signals, as is often 
the case at large yards, circuit breakers can be 
fitted to the signal levers in the cabin, so that 
whenever the signalman pn^pari^s to move a me- 
chanical signal to the "stop" position lie will first 
cause the arm of the automatic home signal to 
assume the "stop" position. Any nu^clianical signal 
can be made to automatically indicate "stop" imme- 
diately after the passage of ever}- train, by means of 
the electric slot already described (Figs. 21 and 22). 
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, 04 thf l'''nnsvlv;iiiiii roiiil iiierlianical signals ape 
tlBuaUy chaujTfd, when automatir sisnals are intro- 
duced, to "semi-aiiHiTiiatic."' rvlimiiTs ;iri- :idded to 
move tliem by air-presMur-c. iiiul (lit? siRiialinsiu can j 
clear tlioin only while the ]ii;iiii rrark in clear; though 
hv can open the wire circuit and throw the signal to 
"stop" at any time Thowe mechanical signals which 
gover o e en off f n tl p ma n ks a p ft 
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CHAPTER X 

THfi ELECTRIC SEMAPHORE 

The electric semaphore is the latest development in 
automatic signals. The admitted deficiencies of en- 
closed signals and the objections to disks as less dis- 
tinctive to the eye than the semaphore have led to 
many experiments with automatic apparatus for work- 
ing full-size semaphores; and the semaphore worked 
by an electric motor is now in use on a number of 
roads. The peculiar advantage of this arrangement 
is that each signal has its own independent motive 
power, like the clockwork or the Hall, while yet the 
arm is full size and is moved by such a powerful force 
thnt it IS unaffected bj^ wind, snow or sleet. 

The line of the Illinois Central between Dongola and 
Bosky Dell, 111., 28 miles, double track, is equipped 
with automatic semaphore signals worked by electric 
motors and. con trolled by track circuits. The signal is 
moved from the "stop'' to the "all-clear" position by 
an electric motor of V^ h.p., which is supported on a 
bracket fixed to the side of the post below the signal 
arm. When released, the arm is returned to the "stop" 
[)osition by gravity. 

By an arrangement of electro-magnets and wires, 
presently to be described, the signals are arranged to 
stand normally in the sto[) position. The semaphores 
are practically identical in design with the ordinary 
standard semaphore, except that ball bearings are in- 
troduced to reduce the friction. Each block section 
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such a wwitch tin- lii-ll lii'j-iiis tu rinp;. thus a|i|nisiii;; 
till- afU'iidant ilial tlii' si^tiial at llii- eutt-ani^e of tin- 
liliH-k sffliiin has been set to stop approaching trains. 
To work u Ni^nal motor, from 10 to Id cells of Edi- 
son-Lalandc liatlen- are used. Tlie battery is placed 
in a hox at llie f<Kit of the signal p<)st. When the 
iiiiiior is i-iiii it winds up a cable, ] iu. in diameter, 
which lifts the con nter weight attached to the signal 
arm and thus causes the arm to assume the inclined 
ion. Tile motor has an atitomatic 
of a n-sislance I'l.il ■n-hicli retards the 
s.ili iinii ,iiriilar disk lix.Ml In the 

■ni .If tile !«■., sitiiials, home and dis- 

laiil. i-inilri.Ilin;; tl nli'ancc of traitis to a lilock sei- 

liMi. is sliown in Fij;. ;'l. The several rail HrcniTs 
cilcud from A to !t, H to C and V to I». The block 
section which we are now considering extendw from 
C to D, say one mile. From R to C is about 1.8(HI 
ft,, and from A to B llie distance is aliout 1:2m ft. 
i;,. J{„ l{„ R, are track relays; Jl and M, are relays 
directly controltilig the motor circnil; Ii, and H. are 



or all-.lear 


IKisili 


lirake, rons 


istintr 


ri'volnlions 


of a 


armature s 


Imfl. 


The airai 


ii-renii' 



the I 


)alteries 0)»-i 


■a.ing the m 


■ iiiirs. Bj is tile battery 


for o 


perating the 


li.lla. and U 


, is the batteiy for oper 



142 THE BLOCK SYSTEM 

ating the relays M and M^. All the track relays ai*e 
normally closed and the relays M and M^ are normally 
open. The entrance of a train on the section A B 
shunts the track battery from track relay R^, closing 
the path for battery B^ through J 2, thus energizing 
relays M and M,. The energizing of r(»lay M closes the 
front contacts on that relay, thus completing the cir- 
cuit for battery B^ through this contact and the home 
signal motor, thus pulling this signal to the clear posi- 
tion. A similar result follows with relay M^, battery 
Bo and the distant signal.* 

When the home signal is in the clear position a cir- 
cuit is closed through the circuit closer 18 (attached 
to the signal), battery Bg and the bell magnets 14, 15, 
causing the bells to sound at these switches. Any or 
all switches in the section of track controlh^d by this 
signal would be connected in the same way. 

When the train (inters the section B C, relay R. is 
d(*magnetized, and the distant signal arm resumes th^ 
honzontal position, this being effected by the breaking 
of the circuit for battery B^ through the opening of the 
front contact of this relay. The train cmtering section 
(j D demagnetizes relay Rg, and tiie home signal rt'- 
sumes the stop position by reason of the breaking of 
the circuit of battery Bj through the opening of the 
circuit through relay M, at 17. It will be noticed that 



*In later InHtnllationH. the dlHlunt signal K, instead of being cleared 
by the same current that clears the home signal, and sLuultaneously 
therewith, Is made' to depend for its movement on the prior clearing 
of the home signal. This is done either by running an additional wire 
from the home to the distant, or by the use of a polarized relay at 
B, to be worked by the track circuit, B C. The polarity of this track 
circuit is changed by the movoment of the home signal. 
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l\m home siguul is in the stop position and the circuJct 
tlosei' open; but the bells will continue to sound M 

long as the train is in tlieset-tiou U !>. beea use a circuit 
is cninpleted throii;;Ii tlii' bacli contact point of R,, i 
battery B., and the bell niiiKnet coils. When the traia 
paseeN out of section C I) all apjiaratus is ivstored to 
the normal position. 
If, at the time a train |>assi-s A tlir lilmk r H is .ic- 
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cupied by a !iir<'edinj; ii-;iin w cat*, or a switch is open, 
the d^'magnetizJUiou of li, by thu action of the wheels 
lias no effect on relays M and M,, for the circuit of bat- 
lery 1!^ is lield ojien at K,, by the preceding ti-ain tor 
tar); anil <'oiiscquently the signals remain in the hori- 
zoDtal ixtsition and stop the train at ('. 

The lower armature of relay M, when down — that 
iM. when in the posilion that it lakes when a train 
passes it and the sij;nal at B goes lo the bmizontal 
position — closes ;i i-ircuit ihroii^'h wires IK, 19 and 2<i. 
This rir.-uit, wliirli has no baiiery, runs tlir'ough the 
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Uiot<H'. aud the oftire of the low^r aniismii*^ of vAn} 
M: i^^ to <;loKf* a riiruii tlirouj^b ibt* luoior. outsidf of 
tliH motor batiHfv. and tliuK aid \u retarding: ilir 
mot ion of the signal arm as it appri»a«*Les iLe end of 
its stroke. The n^lation of relav M, to tbe motor is 

« 

sljowii in Fijr. >>-. Kelav M Las ronneriious to its 
motor similar u.» those of relav M-. 

If. while a train is }.>etwe*-ij J3 and <'. a following 
train should j»ass A. this s»-rond train, by holding M- 
closed. wt^uld J tie vent tlie rhisiug nf the no ban err 
eircuii d^'si-rilM d in tin- pn^ri^ding jtar;iirrai»ii : t<» avoid 




Fig. .a 



lliis the dropping of the third armature of K., which 
is effected by the preH^^u^-e of the first train in the sec- 
tion H (\ is made to clos<* the no-batterv circuit around 

At stations and at all places where there are 
swit<rhes, an advan<'e or starting signal is provided, 
so that a train having to stop at the station can t»e 
moved past the home signal while the block wction to 
the next station in advance has not !>een cleannl. With 
this arrangement the relative positions of the signals 
are as shown in Fig. 8. page 15, in whicl! b is the home 
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CHAPTER XI 

THKEE-POSITION AUTOMATIC BLOCK SIGNALS 

One of the most recent installations of automatic 
semaphores moved by electric motors is that on the 
eastern division of the Pittsburgh, Fort Wayne & 
Chicago (operated by the I'ennsylvania company), be- 
tween Allegheny (Pittsburgh) and Homewood, Pa., 34 
miles. In this arrangement, devis(*d by Mr. W. M. 
Cirafton, signal engineer of the road, the distant sig- 
nal is done away with, and, by using the semaphore 
in three different positions, a single arm is made to 
serve the purpose of both a home and a distant signal. 
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A B^ C 

Fig. 'W. — Three-Position Automatic Block Signals 

The following description is from the Railroad Gazette 
of January 18, 1901. 

The arrangement of the sigojils for three consecu- 
tive sections is shown in Fig. 3r9. The signal at tin* 
entrance of a section which is occuj)ied by a train, 
stands in the horizontal position, as in the usual jnac- 
tice; but thi^ signal at the (entrance of the next section 
in the rear, wliich und(*r ordinary practice would have 
two arms, one indicating all-clear for that section, and 
the other '^cauticm" for the succeeding or occuj)ied 
section, stands in the diagonal position. This indicates 
that the section immediately in front (B C) is clear. 



bat tliJil llic Kis;ri,ii ;ii Mir .'iitiMin-.^ of the nt'xf scrtion 
(C D) iLia.v be exjHTU'ii |i> In- fmiTuI in Mii- stop positiim. 
The sigQal iu the vei-ticai or jin-clfiir jiosition aa at A 
indicates that two sections in adviiiHc. A B and B C, 
are ("Icai-. In speabinp of thew.- sii;:ii)i!s. ilii- T<'n[is 
cleat, i-aiitioii iiml stop are used foe Ihi' ilivfr iiosiiions 
shown at A. li and C rfi*i>ci'tivelv. 

Eai'li Mit;nal is fonti-oUcd bv the trark si-<-liini iiii- 
niedialclv in front of it bv means of the track i-ii-fiiit 
in Mil' nsiiiil nianiier; but tlie control of si(;iial B. for 
iuMtance. by a train in section C D, is effected by means 
of a will' on poles from C to B. The signals are worked 
by electric motors of ouc-twclfth h.p.. one at each 
si;;iial. Thero is a dynamo in tlie jiowcr honse at Con- 
was. '22 miles from PittslHiL-;fli, which fnrnishes cur- 
rent f(H- all of the sinnals, and in addilion there is a 
Btoratfc battery at each Mifinai bridge. On that portion 
of the road which is four-rrack, all of the signals are 
OH bridges spanning the tracks. One of the bridges is 
shuwn on page 14!). At all places where there are 
switches in tlio line, autuniatic signals are placed close 
enongh lo the interlocking to serve as convenicnr start- 
iui: signals for trains wliicli have passed lhroiit;h llie 
iiitcilocking. 

The rnotoi- moves thi' signal arm by means of an 
appai'alns analogous to the electric slot, and it is called 
thf> slot iiistrtiment. The track relay, by which trains 
root II il I he signal, is conm.'cted as shown atS8. slaliou 
.f. I'i;;. 4". 8 being the -slot" mechanism and M the 
motor. When the block section A B is clear 38 is 
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energized and liolda up its armature; this energizes 
the slot magnet (12 Fig. 7, S Fig. 4) and h)eks the 
signal rod (5, Fig. G) holding the signal in the all-clear 
position; the entrance of a train de-energizes »S8 and 
12, and thus unlocks the signal. 

Before examining the action of this signal the func- 
tions of the dilt'erent ])arts of the operating mechan- 
ism should be understood. The motor and *^slot" are 
practically (me machine, contained in an iron box, at 
the foot of the signal post. This machine was designed 
and patented by Mr. G. B. Gray, of Pittsburgh. Fig. 
4 is a diagram showing the simplest arrangement of 
circuits for the signals for two adjoining block sec- 
tions; Figs. (). 7 and 8 show the operating mechanism 
of the signal. Fig. 9 is the signal, and Fig. 10 shows 
a detail. 

As shown in Fig. 7, the connection from the signal 
to its operating mechanism is formed by a sleeve 5 
and a rod 6, fitting within the sleeve. The sleeve forms 
a guide for the upper portion of th(^ rod G. The sleeve 
is provided with wings 8, Fig. 6, which serve as guides 
sliding in grooves formed in the uj)rights 8a of the 
frame of the machine. The sleeve and rod are locked 
together by locking block 9, which has a locking pro- 
jection 10 (see Fig. 10), to engage with notch 11, in the 
rod 6. This rod moves freely through the block when 
the latter is not held in position by lever IG controlled 
by electro-magnet 12, which is supported on sleeve 5. 
Links 15, 15, IG, IG, form toggle joints by which mag- 
net 12, when energized, presses block 9 to the left; 
while, on the other hand, whenever 12 is de-energized 
the weight of sleeve 5, with that of the casting on 



thesi^'ual ;ii-iii is sullii-inu hi r..i 
and thus unlock roil a ;nid |icci 
the Bleeve. The rtMder sliuiild i 
the signal arm down, ilir ind t 
be moved il|i. 

Thf sismil is sliifted to oiuiti 




by thf I'li'ch'ii- iimlor, sliowu ;ir ilif bottom of Figs. H 
iiiid S. Tlie ju-nia til re-shaft is connected by a traiu of 
goiii'inc to Bbaft 19, carrying pinion J). The tei'tli of 
this pinion engage a series of teetli on rod 6, and the 
rotation of the jiiuion thus lifls llie rod and shifts the 
sipnal to the caution and clear jiositions. In order to 
piTiiiil the rod il lo move down, after the sinmil haw 
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gone rr» -stop." i»ithout reversal of the mMtt»r and its 
train of gearing, s^^ime of the teeth on th*:- pinion 2<) 
are removed: when the antoothed portion of rhr pinion 
f'omes* opposite the rack on rod 6 the latter is frt^ to 
drop. 

In order to relieve the train of gearing and motor 
from the weight of the signal when in clear and cau- 
tion fK>8itions the pawls 21 21a are mounted so as to 
project into the path of block !» when it is in locking 
potiition. These pawls are so located vertirall.v on the 
frame that when the signal has been nu>ved down to 
caution or clear position the projecting end of block 
9 will have movi*d just above one or the other of them, 
which will drop under the projecting end of the Wock, 
and thereby prevent any downward movt ment of the 
sleeve (= upward movement of the signal arm) so long 
as the block is held locked. Block 1> and the pawls 21 
21a are so Inn-eled that the weight of the signal and 
Hhfcve will have a tendency to move the block to un- 
locking position. Arm 23 is a lock for holding the 
mgnal in stop and caution positions so long as track 
conditions require such positions. It is mounted on 
the frame of the machine in such position that the 
hook (HI its end will engage notches 24 on the sleeve 
when the signal is in stop or caution position. Tlu» 
hook is shifted to engage these notches by spring 25, 
which is h(^ld in a position in which the sleeve will b(» 
free to move* by a magnet 27, Fig. 8, controlled by 
train ujovements. 

Th(^ dnini shown at 28, Fig. 8, is a brake to prevent 
overrunning of the signal-shifting mechanism when 
th(» circuit of the motor is broken, but this is not used 
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is the m;i'chiin's im rlic Ffirt \Va.>iie road. When tUfi 
brake is used its shoe is hold :iw!iy from the drum b.T 
meaDK nf electro-miifiin'ts X-i. whirh nre iniluded in the 
circait nf the motor. 

In order to preveiil shin'ks lo ilir iiie(li:iiiiu!ii wlicii 
the Bignal is shifted, a cvlindei* 7(i. Fig. S, cHiistiLiiriii'; 
a dasli-jiot. is prov-ided. Stem 72 of (lie yiision is se- 
cured to the frame of the mai'hino. 

Th'' motor circuits iind the circuits for i-DiM^'i/.in;; 
lln' sliit-iniisnet 12 me coiitrolhHl hj the iiiovementM of 
lln- siunai. and to this end circnit-brealdng mechan- 
isms 34. 35 and M, Figs. 4, C. and S, are so ar- 
ranged i;s to be opened and closed in a certain 
pri'-detprmined order. These lie in tlie path of 
a pi'ojcction or v\h -fT, Fig. 8, carried by the 
sleeye 5, Circuit-breakers 34 and .S5 are opened 
by the movement of the sleeve, while 36 is closed there- 
hv, Tliese circuit-breakers foi-n\ a part of the motor- 
lircuits. one of which consists, starting from the bat- 
U vy p, Fijr. 4. of the wire 11, armature of relay 38, wire 
6, cipcnit-lireakei'35, wire 11. iiiolor M; thence by wires 
14 and ITi back to the battery. Tliis is called the can- 
I lot) rirciiit, as when closed it moves the signal arm 
fiiiin Ihe slop to the caution position. The other 
motor i-ircuit. for moving the signal-arm from caution 
to clear, consistn of batlcry />. wire Ifi, armature of 
as. wii'o it. circuil-hreaker 34, wire 8, contact points 
111 of relay 3P, motor U. wires 14 and M to the battery. 
I'ircnit-bppakCT 35 is closed when ihe signal is in the 
stop position. Oircnit-breaker 34 of the clearing cir- 
cuit is so located as to be closed as long iis the signal 
is in either the stop or the c;iiiii<iii position, but it will 
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be opened by rib 37 as soon as the signal reaches the 
dear position. Both of these motor-circuits are con- 
trolled by the track-relay 38, so that as long as the 
track-relay is de-energized the motor-circuits will re- 
main open. The "catch-magnet" 27 is also de-ener- 
gized, permitting spring 25 to press 23 against 5, so 
as to engage with one or the other of the notches 24. 
Tlie signal-clearing circuit is also controlled by the 
relay 38' at station B, the circuit of which consists, 
starting from battery />' at B, of wire IG', contact 
points of 38'; wire ('/, wire 10, relay 3P at A, wires 
13, 14, 15 and 17 to the common wire and thence by 
17' and 15' back to the battery />'. As the circuit for 
clearing the signal at A is controlled by track-relay 
38' it cannot be cleared until relay 38' becomes ener- 
gized, and this cannot occur as long as a train is on 
section B C. 

As the circufts for the motor are the same at each 
station, it will be understood that the signal at B will 
go to stop as soon as a train enters upon its section. 

When rod 6 is raised as in Fig. 8, the teeth on the 
rod are engaged by only a few. of the teeth of the 
mutilated pinion 20, and those adjacent to the mutil- 
ated portion. As soon as the slot-magnet is de-ener- 
gized the sleeve 5 drops along the rod 6, carrying with 
it the slot mechanism. When the motor is energized 
the pinion 20 will be rotated in the direction of the 
arrow and its teeth disengage from the rack of the rod 
6, which will then drop suflficiently far to bring the 
notch therein in line with locking-block 9. As the 
slot-magnet is energized simultaneously with the clos- 
ing of the motor-circuit, block 1) will lock the sleeve 



and nul infit-fln-i- ms smiii ;is ihi- i Ii riniirs iiiio liin- 

with tiic hl.id;. I'o 111.' .■omiiiiii-il n.talioiL ot iHiiimi 
20 the i-iid (i, iiucl Willi if lln- sir.'vr :nid siiiiijl. Hill ln' 
shifted to CilUti.m |l.l^.ilinll, whrn- Mir rin-uil-hi -Mkri- 
35 will be o|iene<l, oin-iiiuj; llif unjHu-iiiriiii ;iinl lU- 
energiziu}! lUiignt-t 27; catch 2'-i will thru i-uj^jif^u wilh 
the lowei- tine of the notches 24, thf ri'liy lockiiiw; slepvf 
5 90 that the wi^iual cauutit be shifted iu cIimi'; Imi 
will not interfwe with its further moveidciii in siii|i 
[lusition. When the signal moves to stoji, in the iii;iiiin'i' 
ilfscribed, catch 23 will engage the Tippei- one of tIic 
notches 24 and liold the signal in that posiiion, tlic 
circnit of magnet 27 being broken. 

Fig. 4 shows the arrangement of the electrical ajj- 
jiiii'iiliis and wires at two adjoining wignala or stations, 
A and H. The two signals I and 2 are shown in the 
all-cleai- iiosiiimi. as this s.'ctioii lA Ti). also scciions 
BPand C U. -.we clear of Iniins. 

We niav now follow the iriovenient of a train from 
A (o ]{, Fig. 4. The entran.-e of a train at A to sec- 
tion A }i (or llie jtresence of a pair of wheels at an.v 
point on the track between o and b) provides a short 
circuit for the cnrrent from battery a b and de-ener- 
gi-/,cs track relay 38, This breaks all eircnits leading 
to signnl 1 at .\. through wires fi, 8. !l. 11. 12. 13 and 14. 
Slot magnet S at A is de-energized, sleeve i>. Fig. 7. 
drojis and tlic signal goes to the stop position. It is 
held ill that position by arm 23 {engaging in ii|iper 
iioirli 24) until the train passea out of (he section ai M. 

When the train passes U relay 3S is again energiKed 
aad closes the molor circnit. battery p wii-e 16, con- 
lai-is 3fi, wire H, I'ontacts 3.".. wii'e 11. ninior M. wires, 
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14 and 15). The slot ciicuit is also closed, (battery p 
wire 10, contacts 38, wire 6, cutout contacts 36, wire 
12, slot magnet S, wires 14 and 15). S and M bein^ 
energized, and 27, Fig. 8, being also energized, the slg 
nal is shifted from "stop" to caution. When it r(*ach(*s 
the caution position it separates the points at 35, and 
then opens the motor circuit. The signal is held in this 
position until the train passes out of block section 
B C. Th(» sleeve 5 is held down by hook 23 engaging 
in lower notch 24, and it is hehl up by pawl 21a drop 
ping under block 9. 

When section B C is cleared, by the train passing (\ 
r(»lay 38' at B is energized; and this energizes relay 3 
1* at station A by the com])letion of a (!ircuit from 
battery />' by wire 10', points of 38', wire 6', wire 10, 
relay 3 1\ wir(»s 13, 14, 15, 17 and back as before de- 
scribed. Contacts of relay 3 P now being closed, a 
new path is provide<l for the slot circuit from battery 
/> by wire 10, contacts 20 of track relay 38, wire 6, wire 
9, contact IS, wires 12 and 14, and wire 15 back to 
liattery. The motor circuit is also closed from bat- 
tery p by wire 16, track relay contacts 20, wire 6, cut- 
out 34, wire 8, 3 P relay contact 11), motor M, wires 
14 and 15 back to battery. The motor and magnet 27 
being energized the signal is shifted from the cauticm 
to the clear j>osition. When it reaches that position 
the motor cutout 34 is opened and the signal is held 
there by j)awl 21, bloctk 9 being j)ressed to the left by 
action of magnet 12. In the movement from caution 
to clear, cutout 30 is opened and the slot circuit passes 
through relay contacts 18 and wires as last described. 

In case a switch in section B C should be opened, or 
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any break should wi-nv in that n-aek circuit, magnet 
12 (B, signal 1, station A) would be de-energized 
(through 38') and signal 1 would yn lo the stop posi- 
tion; hu! 12 will be immediatelv re-enerniz-ud, as, al- J 
though '■'• y :\\ A is opfucd, by the ()|ic-iiiiig of 38', a 
path for the motor I'ircuil is jirovidfd iiv <-ir<'ii!t 
' breaker 36, which is t-losed by the movenieui of ilie 
signal from thi' clear to the stop position. 

The track relays used are two-point or donble-con- 
lacl relays and wei'e made to carry two separate cir 
cults. A wire, termed a "jumper," is soldered across, 
CODDectiug together the two armature levers and the 
relay is used iis a single contact relay. This was done to 
JDCi-ease the carrying capacity if the current should 
become excessive. 

At 5, Fig. 4, is shown the location of a cntoni: in the 
main feed wire, which is operated by the movement of 
the signal mechanism, and which is designed to auto- 
matically open the circuits leading to the signal and 
|jrevent waste of battery, if wires 9 and 12 should be- 
come broken or disconnected. 

Pig. 11 shows the arrangement of signals and elec- 
Iriiiil connections at a junction where the automatic 
ciiTuits must be undei- the control of an attendant. 
The switches and switch locks and the signals (like 3 
and 12) which govern movements that are wholly 
within the yard, are worked by levers in a mechanical 
frame in the usual way; signals y and s, which are for , 
movements wholly outside tie interlocking limits m-e 
entirely automatic; and the slginals (1 and 14) which 
(»ntrol high-8|H'ril inovemi'nls through llif yard an' 
worked by eleclrii- motors and cnntrollcd liy the trail." 
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^ irniir, but urc jiNo rrmrrolh'd Uy the !(ignaliii;iii. who 
ran sf-t thf'tii in th# stop posit i«»n at any tim#- bv open- 
in;; the eleirtri*- rintiit whirh hobls them in the riear 
position. 

The lower arm of Hi^nal 14 is fix^rl in th^ stop posi- 
tion, and always shows a red li^ht at nijjht. Ar«-ofd- 
in^ to a general nih- in f<»rr#* on th^* Pennsylvania 
Lines west of Pittftbiir^h this "diimniy** arm is always 
si]ppliff<] in situations like that liere shown, in ord^T 
to make the prai-tir*- uniform with that wh»'re th«'re 
arf' div^-r^'in^ tra«'ks. as at signals 1 and -. 

Signal c is shown, with its ♦'leetrieal conne<*tions, at 
ck and signal y at yk: the.'te art* rontrollefl by the traek 
♦'ireiiits the sam*- as the signals in Fi^. 4. 

Si^ials 1 and '2 are shown at 1 k. Signal 1 is eon- 
trrdled bv r'*lav Tk, the same as bv relav :\s in Fiff. 4; 
and relay *5 Pk performs the same function for the 
traek eirr-nit liffyond signal y ns does the similar relay 
in F\ii, 4 for section H C 

The r-irciiit breaker at 1 ^ is oiH*n whenever signal 1 
is in the stop position, thus insuring that the distant 
inrlieation for signal 1 shall always be "caution" when 
1 indicates stop. 

f-»ever No. 1 for signal No. 1, is shown at Lk, The 
signalman is free to reverse the lever whenever it is 
not lockeil home lit is locked home mechanicallv when- 
ever switch 5 or switch 7 is not set for the main track, 
;ind whenever signal 12 or signal 1'^ is cleared!; but 
reversing lever No. 1 dfM*s not clear its signal unless 
the trar'k is clear from signal 1 to signal y; for the 
track circuit of this section fl)attery 48, rela}' Tk) con- 
trols the lever bv circuits presentlv to be described. 



Ar -111 is slii.wii ihi' .-liTii-ii- l<u-k fof lever No. 1. This 
lock ivli.-ii (ic-i-iicij;i/f<i Imlils lever No. 1 imuiovablc fif 
the lever is iii the ii<ii'iii;il ni- ■■,-;iii|i" |>iisiiiiiiil and it is 
energized liiiiltK-kinj; lln- Icm^ii nniy whm iis i-in'iiii is 
ctaeed at g aud ;it ks. 

At 48 is shown a n.ini.v liiMiii rii!iirnll,.i- wlii.li is 
Operated by the iiiiivcineiir ot Uic hiirli IrMT ou U've; 
No. 1. The "stiel; relay." 41. is tt> c;mi\\-r\ Mu- si-iiai 
man to return the lever to the normal posiiinn Ih-lon' 
(^leariuff Ihe sipiial a second time. The "leviT relay," 
4li, is encriiiKi-il mily when lever No. 1 is reversed. In 
these si-iiii auiniiunii- sipials this relay controls the 
same liiinils ihai llir Irack relay does in the entirely 
anloniati<'. 

The arran;;enieiir of <'in'iiils is as follows: From 
haiLery by wire a. track relay eoiitaeis b, wire c, eir- 
■calt controller 4S at contact ci. wire c, stick relay 41, 
wire / back to battery. When 48 is shifted by lifting 
the hilcL lever, contact g is closed imd d is opened, the 
slick relay circuit remaining complete throngh wii'p 
h, stick relay contact i, relay 41. wire f to battery. Con- 
tact k of the circuit controller 48 has also been closed, 
completing the lever relay oircnit through a, b, c, k, 
wire L. conlatt iii. wire ii. lever relay 42. wire f, back 
lo battery. 

When nlay 42 is closed by ili.' acri.m of the signal- 
man on llie latch the signal lirniils will be completed 
through its contacts, the same as tliey are through the 
track relay in the entii'ely automalir. and the sigiLal la- 
shifted l)y the motor froia ■■stop" to gn ahead. 

When a train cnlers ttaehln.-k section between signal 
1 and signal y, Irack relay Tk is opened, the circuits 
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through stick relay 41 and lever relay 42 are broken 
and the signal is shifted to stop. Stick relay 41 will 
remain oi)en, as no current can pass through its coils 
until le^er 1 is returned to its normal position com- 
pleting the circuit for 41 through d. 

This the putting of the signal to the stop position is 
done in a manner similar to that described in Fig. 4; 
but the movement of it the other wav is controlled bv 
the signalman, through 48 and 42. Closing 42 has no 
effect on the signal unless the track is clear, as the 
presence of a train on the track between 1 and y will 
hold the motor circuit open at Tk, and a train between 
y and the next block signal will hold it open at :i f^k\ 
the same as in Fig. 4. When, by lifting the latch pre- 
paratory to pulling th<* lever, the signalman closes 42, 
he closes the motor circuit at v; but if the track is clear 
only to y the signal will be moved only to the caution 
position: while if the section beyond y is clear the 
signal will be moved to the clear position. 

When lever lock 40 is de-energized and its armature 
down it locks lever No. 1 immovable, provided tin* 
lever is in its normal or "stop-' position. When the 
signalman lifts the latch preparatory to pulling the 
lever he closes the circuit of 40 at ^ and thus causes 
40 to unlock, provided its circuit is also closed at Ics 
(wires 50, 51 battery, wires f and 49); and it is closed 
at ks if the signal is in the stop position. 

On the approach of a train from the east the signal- 
man, if the westbound track is clear as far as y, pro- 
ceeds to pull lever 1 to put the arm of signal 1 in 
position to admit the train. He must first release the 
lever by lifting its latch: this moves 48. closing g and 
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3-POSlTrON SEMI-AUTOMATIC 



openiuy (/; (-11 is not atlfcit'd, as it 1l:is two coniKictioiiB 
from 48); liftiiifi ilir latrli alsu dosrs k. olosiiig 4-2: 

and this last Ktiins ikc n ■ m iii.ni' iIh> sijiiia] ami 

downward. 

The slot machine cii't-iiii .-lusi'i's sIkiwii un tliis jil;tn 
are the same as those ahowu in Fii;. 4. .■xci'i'i iliar (Ih'cb 
is a fourth one, ks, its function beiny lo cinsc iln' Inck 
circuit when the signal is at "stop," 

The control of lever No. 14 is aiTangerl in llic saiue 



CHAPTER XII 
CONCLUSIONS 

We have now examined the two methods of block 
sigDiiling by the aid of electricity, and tht'ir principal 
sub-divisions, viz., (1) manual, la) simple, and ib» con 
trolled bv electro-mechanical means: i2) automatic by 
(a) disks, (b) enclosed disks, (c) semaphores worked by 
mechanical power, and fd) semaphores worked by elec- 
tric motors. Seeing these different kinds, all of them, 
except one. still in favor in one place or another, the 
reader may, not unnaturally, desire to make a com- 
pariscm of their relative merits; or at least to inquire 
why such a variety is necessary or desirable. Only a 
qualified answer can Ixi given to this question, for the 
art of signaling is yet comparatively new and some 
ideals, the attainment of which is bv no means un- 

ft. 

likely, are still unattained. Some of the devices in use, 
though efficient, are still undergoing improvement. At 
first but few railroads introduced block signals unless 
they were practically compelled to do so, by pressure 
of increased business or by difficulties in disciplining 
trainmen to observe the necessary safeguards in run 
ning trains without block signals. They therefore felt 
it nec-essary to take the best apparatus or method 
available at the time, without making exhaustive com- 
parative tests. Progress has, therefore, been rather 
intermittent and unsteady, and the state of the art can 
hardlv be railed well settled. 

The original method of spacing trains — by main- 



tainiug au iiitervjil of liuif. i)l' fnuii .1 lo 15 minutes, at 
CTery stiitiun (and. "f cimlcsi'. imlv ii( sinrioriMl, between 
each two Trains runuing ia the saia*.- dii-ectiun— majy^ 
become uiisatisfactofj for eitliei' or both of two resi^ '•I 
sods: (1) too many trains, ao tliat tlic shortest practi- 
cable time interval ia too long, anil causes delays tii 
the trains; or (2) ilifflculty in waruiiiji the following 
train when the leading train is delayed belwfen sta- 
liiiiiM and uses up the time interval. 

i'uder the first head the question is, llow short a 
tiiiit is snflfi«;ient to warn a second train in rase the 
ftrst is unexpectedly stopped? In clear weather, in 
daylight, on a level prairie, probably three minutes 
wnnid be deemed long enough. But every railroad is 
Miiliject to f<iggy weather, and those in cold climates 
have to contend with snow, so that in making rules for 
gieneral application it is necessary to prescribe an in- 
terval long enough to insure safety under these ad- 
veise conditions; and five minutes is the shortest time 
iuluiTJil in common use. Trains running at the rate 
of a mile a minute must therefore keep five miles apart. 
Block signals, fixed so as to permit trains to run only 
cine mile ii|mrt. will therefore increase the rapacity of 
;i I'ailroad under these conditions fivefold. Where 
curves or tunnels are numerous a longer time interval 
is desirable, and 7 minutes or 10 minutes is tlie rule 
on many roads. With this the need of the block sys- 
li-iii is, of course, felt sooner tliaii with a slioi'l in- 
ter val. Where the di.ilarnes between siationBaremore 
than, say, five milts, ihe time interval sysicm becomes 
unsatisfactory by reason of the varj^ing HjieedH of 
Irains. A lighl train leaving a. station at 8:05 may in 
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a few ujiJiffr ovir'rTak'r a Leavi»:-i- -rjoiij "wLioL Jrf: a: ^:(K•. 
Au •-MjieiiTiaJ *-Jpjjj*rijT in lb*- fiaf*r o}.»eratioii of tL«r rinir 
iui<-j"vaJ Kvisifiii i^ Tb*r iJLLaiiit»riiauof oi a iiiiifL»riri raTtr 
tjf ^^J.•e<rd wjTb aJJ trajiifi^ of Tbf *saiDe class, aid '.Lis is 
oftf?u difficult. 

Tb<r »e<:ojjd jx»iut is ibe ditticuJTy in -warn ins fo]l«-»"»- 
myL traJUK. F<>{rs aud suows. alr»-adv meiitioned. ol»- 
M:ur<- Tb'r ^rJjgiijf'iJj.ajjV view aDd iberefore make ii 
jj<-r<->!iKarv foj- a ujau to jjo l>ack wiib a flag: or lam em 
a ixaJf jjjile or ujore. Ou a 'r'K.tked road in a billy 
couutrv rbi»* is tb<r ujiniujuiu distance ai all times. 
wbat<^v<fr tbe w^fatber. Tbe faster tbe Train rnns. tbe 
loiJirer Uiunr l>e Tbe Time interval, to j.»ermit tbe flagman 
to i£0 back far enoujrb. Tbe irksome naTnre «»f Tbe work 
Teixj[>tK flagmen to ne^irJecT Tbeir doTy: delays dot- to 
waJTliJg for a flagman to reTuru to bis Train Tempt 
coijdij^'ior>j 10 sbirk seuding out a flag: leaving a flag 
displayeiJ afTer Jis train bas resumed its journey, de- 
ceives tbe following engineman: and leaving a sejiar- 
aie flagman (iebind on tbe rx-casion of eacb deT^ntion 
deprives ibe train of brakemen. and delays tbe follow- 
ing train to pick up tb^f* flagmen. All These circum- 
KtanceK combine to make tbe time interval unsatisfac- 
tory. Failure 10 carry out tbe regulations causes a 
colliHion now and tben. i^n tailing loss of life and prop- 
eri V. 

J^ut unsatisfactory as is tbe time interval and flag- 
ging KVHtenj, tbe block system is a costly substitute for 
it. A road running only one train a day. or keeping 
only one engine under steam, obviously needs no block 
system. .\ number of trains may be run while yet the 
exp^Miw of keeping an atti^ndant on duty at every sta- 
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tion, day and oigUt, av tvoii continuously during tie 
day, may be deenu-d mnvaiTanted, But as soon as a 
road has enough buwini-ws to wari-ant tlio employment 
of regulai" station ageiilw on ihify all the time, it should , 
hare the block system. The maiiajrers of thousands of 
miles of railroad, by their action, if not by their words, 
deny this; but on the other hand some of the wisest 
and most experienced managers hold (his view. Im- 
agine a road with stations 15 miles apart and trains 
running ovpr the line once in two hours (averajic in- 
terval). The block system is now used on very few lines 
of liiat kind; and yet the enforcement of a time in- 
terval of 20 to .^0 minutes Ix'twecn passenger trains 
and of 30 to 60 minutes between freight trains would 
make it possible to use the space interval, with its 
greater safety and more satisfactory conditions. Those 
superintendents who have adopted the block system 
with long block sections testify that the enforcetnent 
of the long time intervals necessary to do this (long as 
compared with former practice) is not nearly so ditti- 
- colt as had been feared. In fact, it is not difficult at all. 
With a moderate number of trains the manual is 
the only block system that can be used, because thi? 
cost of the apparatus for the automatic system would 
be prohibitive; whereas, the attendance necessary 
with the manual system can be devolved upon station 
agents, whose other duties are light, and whose at- 
tendance at their othies will cost nearly or (juite as 
much if they do not do signaling as if they do. Only 
two railroads have made extensive use of automatir 
signals on a siiigh' (rack line. 

The introdncliiiu of eledriiMl apparanis. like Cole 
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umu'H. \u f:ouu^:UOTi with ruaDual block <i2iial». luakr^ 
a corj»«id*rraWe addinon to the eipeD-^r. Such appar^i- 
tu«, 10 ^^- of valu*-. rnujii Lave frverr possiM*- saf-r^uard. 
and iij'JhJ ^>e *fif>*frvi!u-d whh ^frat •:ai-»- and inTelli- 
iihUfj: 1.0 make *^ure that the ??afejruards jii.ivid^f-1 ar»r 
re^ularlv ii^^r^J. li ha** l>e«.-D but nithr u***-*! »-xi.-^p* ml 
j|ij[M>rfanf Jineh: aud if we inav judge bv mi».- a«M.i«.»ii 
of the hii'jre nuiuber of railroad corijpaDi«f> which liaw 
coiJKid<-red it but have not adopted ii. it> value is -i 
If^tUn on which th*-re iff as yet no satisfa«t«»ry a^r*-— 
«i"ni. 

^"onnnjf now lo automatic block siguaU. th»- pracii 
<:al t\ui'iiiU}U i« not whether or not to ustf Th»^ spa**^ 
interval, but what kind of apparatus ti» us*-. As al- 
ready iniiniat^'ij. a road cannot afford th«- outlay neces- 
Ka ry to put in automatic signals unless U has a ron- 
sid^'rable traflic. and these signals witc lirst put in 
<hiefly by roads with ample capital. In the early yt-ars 
of automatic Wock sij^naling the question of th«^ re- 
liability of the apparatus was a chief element in de- 
'-iding whether or not to use a given design, and there 
was much discussion whether or not a machine could 
perform signaling functions with the uniform safety 
which is Wfcun'd by employing a man at each signal 
Htalion. Those who believed that the machine was nut 
to \h* trust/'d and who vet felt that the liabilitv of men 
to forgcM was a weakness of the manual system, were 
inclincfi] to adopt the electric locking apparatus, of 
which the Toleman machine is an example. 

J'erhaps th<* most instructive^ example in America 
is that of the Pennsylvania ]t2iilroad. This company 
introductftd manual blocking extf^nsively on its main 
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Une more than 20 years ago, and to some extent more 
than 30 years ago. Cabins were built, separate front ' 
stations, and very little of the signal work was done by 
men having other duties, bo that tlie cost of the sys- | 
tem was heavy. But the trallic was also heavy and the 
expense was deemed fully jusliflablc. AftiT ii:<iii;! ibe 
automatic signals in a limited way for a iVw mims, 
however, beginning in 1884, the company lirj^^m ii> rx- 
tend them quite fast, and now bas protected b\ ilieni 
about 500 miles of track on lines which formerly were 
signaled by men; so that there can be no question that, 
aa far as safety goes, automatic signals are deemed 
fully as satisfactory as the manual system. And the 
aliaridouiLieiil of scores of cabins, with their nigbt and 
il;i.\ aUi-ii(!;iiirs, has, of course, made a large reduction 
in the iiinoilily expense aci-ouut. 

The n.-lalive dt^sirability of the difl'erent kinds of 
automatic signals is a question that cannot be entered 
iuto here, for to do so with any thoroughness would 
lake the discussion beyond the scope of this work. 
Moreover, the element of cost has been an important 
factor with railroad officers in deciding what to use. 
But a few obvious comparisons, already touched upon, 
may, for convenience, be restated here. The disk, un- 
pi'ottcted from the weather, is still in use aud is so 
satisfactory that one road which took some of this kind 
out, to introduce a later design, on an important line, 
re erected the disk signals (clock-work") on a line which 
was leas important, but still not aii iiitimportaiit ime; 
but no new unenclosed disk signals are being put up, 
because, first, the enclosed disk has become better 
known and has bei-Ti improved, iind, second. Ihe auto- 
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matic semaphore has been cheapened and improved. 
The expiration of patents on some devices has led to 
improvements. The enclosed disk is superior to the 
outdoor, because it can be worked with much less 
power. The semaphore, in turn, is superior to the 
enclosed disk because it cannot be obscured by snow 
or reflected light on the glass, though it requires more 
power. The development of the electric motor and the 
improvement of frost-proof batteries has made the 
electric semaphore possible. Motors and economical 
batteries were unknown when the clock-work signal 
was invented. Automatic electric semaphores protect- 
ing 35 miles of four-track railroad are now worked by 
a dynamo at a central station, feed wires being strung 
along the line of road and storage batteries being in- 
troduced at each signal, or where necessary. 

The electro-pneumatic signal has been developed 
somewhat independently of other kinds. The cost of 
a power station for compressing air is a large item of 
expense, and except on the Pennsylvania Railroad no 
block signals of this kind have been put up unless a 
compressor was installed for a large yard. Perhaps 
the Pennsylvania is not an exception, as there are 
numerous yards on those of its lines which have elec- 
tro-pneumatic block signals; but evidently the com- 
pany believes this type of signal the best for all double- 
track lines on which the traffic is heavy. 

As before stated, the Pennsvlvania Railroad has 
shown by its action that automatic are deemed as safe 
as man-operated signals. A precise comparison of the 
relative safety of the two systems cannot be made, for 
the reason that the number of lives saved bv the use 



of the one system as t'ompared with the uthei-, or by 
either, compared with no blorli signals at all, cannot 
be fairly computed except \<y ciinsidi'rin}; a long series 
of yeai's. The amoimi tif iimney saved by llie preven- 
tion of collisions is also hard tn rompni-e, as between 
the tn'o systems, for the same reaaoa; lliough as be 
tween a block system and no block system, sfnue roads 
have found a decided saving immediately on lUe in- 
troduction of the space- interval, the uumbei' of minor 
fn-iyl it-train collisions being at once reduced. 

With man-operated signals no record is available of 
the number of errors made in a thousand or a million 
train movements, although errors have been made, re- 
sulting in collisions, not only with the simple manual 
system bnt also with the "controlled manual." For 
autMnatic signals a few records have been published. 
These give failures under two heads, {1) failures which 
panse delay only, (2) failures which may cause a col- 
lision by showing a signal "all-clear" when it should 
show "stop." From the standpoint of safety we con- 
sider only the latter class. In the operation of auto- 
matic signals on the Chicago & Northwestern Railway 
fur seven years, with over three million signal move- 
ments yearly, the proportion of false clear indications 
has been about one to one million. A similar ratio 
was given in a statement published by the Philadel- 
phia & Reading. The latest record from the Pennsyl- 
vania road is one of soinrwliat earlier fl;ite, and shows 
1 to 035,151. 

The cost of installing and maintaiuinji automatic 
signals is a question which, like lliat of deciding when 
and to what exteni the block system shall be Intro- 
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(luced, must be decided laijrely ]»y each lompany for 
itself, local ciiciimstances varyinjr \>'idely. A few j!:en- 
eral stateinmts will serve as laudmarks. 

The I'hiladt^lphia & Readinjr has spent for enclosed 
disk signals from fl,500 to *4,00i) per mile of road. 
The cost per mile varies according to the length of the 
block sections and the frequency of the s^^itches. The 
larger sum refers to lines with more than two tracks 
with a distant signal for each home signal, the distant 
being on the same post with the home signal of the 
next block section in the rear. The cost of disk signals 
has been reported in various cases as about f400 per 
signal. The cost of maintenance of disk signals has 
been reported at from f 67 to f 100 per signal per year. 
For semaphores worked by electric motors, actuated 
by batteries a complete equijiment for a double-tratk 
line, with distant signals, costs from $1,200 to f 1,800 
per mile, the smaller figure being for a line with few 
switches. 

The cost of electro-pneumatic signals on a four-track 
railroad, with block sections averaging three-fourths 
of a mile long, was, in a certain case, 4^,000 a mile, 
which, of course, included distant signals. The cost 
of maintenance of signals of this kind for one year, 
including oil and attendants for the lamps, material 
and attendants for the batteries, air compressing and 
re])airs to the compressing plant, is given for one four- 
track railroad as $33.93 per signal arm. The cost i>er 
mile of road, with blocks of the length just mention«*d 
would, therefore, be $362 a year. 

The total length of railroad in the United States on 
which block signals are used is (December, 1900) ap- 



ptoxima R'ly 2li,000 milt's. This includes Ltriniii linca 
whwe tiie block signals iin- nsi-d onlv to protect pas- 
I9«ager trains; but these ai-e cwseutiallj' bhul; ^ignMli-d 
lines, fo]' llie vital fealun- is iln- jireseuuc nf Llie facili- 
ticB and of the men traiui-tl lo use rhi'iii. l-^eii iln' 
British Govei'nment, wiili its sirirt sNiiiil.inl-. has m 
leave llie railroads free to use the |m riui--iM> hlink 
syatem with freight trains whenever the ahsnliiie iiih- 
wotild cause delay, ^\'ith this mileage inclmled. we 
have just abwiit ten times as much manual as aut<i- 
iiiaiii' witrualiiiH. On the basis of miles of iracli, how- 
eyer, tin' |ir(>|iurtion would be dilferent, as of the au- 
tomatii- mileage flve-sixlhs is double track or four 
1raik, while of the manual three- fourths is single 
track. Of the road worked by manual sisni'ls about 
IjUOl* miles has the "controlled manual," mure than a 
tbird of this beinji four-traci; line. 

The following table, showing Ihe names of ilje roads 
on which this block signaling is to be found, in con- 
di'tisi'd from a more detailed list published in thu Rail- 
road Goccttc. January 11, 1901. in which was given the 
mileage of sinjile-track, double-track and four-track 
road under encli of the two headings; also ifor the 
niosr of the roads) the termini of each section of road 
Higra.leil. 
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MILEAGE OF RAn.ROAD SIGNALED 



Via totals of ihe unabrlilgeil tabic a 
Antomatlc, single traok. 



•On tbose 
tbe tpnce I 



I' the niniiua! block a; 



THK SAXHV A FAlIMEli [XTi;!i [.OCK 1 ><; .M.M IIIXK 

II is t(i be i'fiin.-mben;(l that Die function of ;ill tixrd 
pvif-iiiils, whetlu'i- L'lilled block signals or by some otbcr 
uiuue, is to inform the eugineman wlietliei' or not he 
may proceed beyond tlie signal, or on wliat conditions 
he may proceed: and to convey the information some 
fiecotids before it will have to be acted upon. This last 
is ii vital feature, for the essential difference between 
driving a horse in the street, and driving a locomotive, 
the difference which makes costly signals necessary, 
is lliat the engine driver, controlling a heavy body 
iiiiiving at high speed, must have ample preliminary 
uoLitf of any requirement to stop. 

Interlocking was preceded by concentration of 
switch levers. ,\s early as 184fi it became common in 
Kri;;land to concentrate in one cabin the levers of a 
niiinlier of switches lying near together, and of the 
signals governing lliese switches, the services of on<' 
or more attendants being thns dispensed with, and 
llic iclerity of train movements being facilifiUfii. Hut 
ixpcrience with a hall' i]»y.fn lever.s in one franir rJoon 
emjihasized a new dari;;er; the attendant miglil i;ii'e- 
lessly give all 'lea r signals siTuultaneously to two 
trains, coming frmn differeni directions. In proceed 
over rontea cmssiufi onp another. To meet this dlffi 
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culty inU'ilookin^ was devised. In large terminals, 
with numerous tracks, concentration of levers is now 
an essential requisite of prompt movement and eco- 
nomical use of ground: and interlocking is an essential 
feature of concentration. 

Interlocked signals are worked from a cabin by rods 
or wires supported near the ground at suitable inter- 
vals on grooved rollers or pulleys. Of wires it is the 
usual practice to use two; the second or back-wire 
being added to make sure of the prompt return of the 
signal to the normal or **stop" position, though the 
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Fig. Jf2. — Interlocked Stcitches and Signals 



LOCKING SHEET 

1 locks 2 reversed. 

2 locks 3 normal 5 normal. 

3 locks 

4 locks 3 normal and reversed (when 3 is reversed locks 5 normal) 

5 locks 3 normal and reversed. 



counterweight alone should perform this function. The 
universal standard signal for switches, crossings and 
drawbridges is the semay)liore (Fig. 2, page 8); though 
at some drawbridges, and at many minor crossings (of 
one railroad with another) wIkm'c^ interlocking has not 
been introduced, various balls, targets, gates and other 
old fashi()n(*d devices arc? still in use. Dwarf signals, 
about 4 ft. high, arc* used for very slow movements 
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Buch as those to mid tVnm side tracks. In crowded 
yards bridges arc used, tlie same aa for block-signals 
on foar-ttack lines. (Sue Fi};. 51). 

The arrangement of iiili.'riocki'il -^wiichcs uud sig- J 



nals is the same whether 
plex, and tlK' jirini'lpli' is 
diagram. Fit;. 4l'. Tiiiw 



|iie or coni- 




inick connecting the siding c d with the eastbound 
main line a b. The switches are in their normal posi- 
tion, allowing trains to pass from a to 6 and from c 
to d: and the signals are all in theii- normal positions, 
eaih indicating to an approaching (.■iij;ineman that he 
must stop before he passes the signal. SignaJs 1 and 
2, ivhii.'h are for high speed mo\'ementB, art^ on tall 
|i<ists, while signals -1 and 5, heing for low speed move- 
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inents. are dwarfs. For complete si^rnalin^ there 
would be a dwarf signal at x for movements from li 
to c; but to simplify the illustration that sijrnal is here 
omitted. To permit a train to pass from a to b th»* 
signalman pulls i "reverses'** lever 2. movinj: the arm 
of signal 2 to the all-clear or go-ahead j»osition ir»o 
degrees to 75 degrees downward!: and the interlocking 
of th<* levers in the cabin j^revents him from doing 
this unless the switch in the main track is in the right 
position. If the switch has been moved to the other 
position the lever of 2 is immovable. If signal 5 has 
been ch^ared for a movement in the other direction 
(from ^ to ai 2 cannot be cleared. Signal 1. when hori- 
zontal, does not stoj* a train, but simply gives notire 
to the engineman that he must expect to be stoppe^i 
at 2. After 2 has been cleared, then 1 can be cleared, 
thus giWng notice to the engineman that he can pass 
2 at full speed. If. in the 1.800 feet between these 
signals, there is a curve, or if there should be a dense 
fog, shortening the view, this distant signal would 
thus appreciably economize the time of the train. 

Until recently the usual practice has required a 
signal with two arms at 4 and the same at 5, the up 
I»er arm to be cleared for a movement along the 
straight line, and a lower arm for a movement through 
the crossover. With the practice as here shown, a 
single arm indicating a clear track, but not showing 
which of the diverging tracks is clear, the engineman 
is required lo keej) his si)eed sufficiently low to enable 
him to discover, from the i)osition of the switch rails, 
which line he is traversing, in season to avoid any 
possible collision with a y)receding train or car. For 
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ii^ spei'd movements over diverging routes, tte twffr , 
Kmafniii^fmeul is used. " 

In tliis (Icawing tlif Iw o snitt'bt'S imn-ked :i. and tin- 
two locks which lock tlii'm. logelln-r witli tlic deti'.'tor 
bars, which move simultiini'imslv with thi' swil(-li-;inil 
lock movement, are worked b.v ;i wiiifrli' levrc, ilmu^lt 
in many i-ases a separate lever is used I'nr ilir luck. 
I'he detector bars, the position of whicli is imliiau'i! 
by the lines g g, are to prevent the signalniiui Inini 
iiiiiiivprtently throwing a switch while a train is pass- 
Iti;; (ivcr it. This device is briffly described in con- 
nection with Fig. 53. 

A. machine consists principally of as many levers 
phiicd side hy side, on a common shaft, as are nci-es- 
siii'V lo luiive the switches and signals. Two switches 
nmy be moved by a single lever; and two or more 
signal arms on the same post, or near together, may 
bp so arranged that either one will be moved by thi' 
Mamc lever, the position of the switch connections 
lieitig made to govern the selection of the arm to be 
moved. 

The main function of the intei'locking feature of thi- 
iu;iiliine is to prevent the display of conflicting signals. 
A niachine is shiiwu (m page 175, and the construction 
of the main working parts of a machine of this type— 
the Saxhy S: Farmer, as made by the [hiiim Switch & 
Signal Comjiany— is shown in Figs. 45. 46 and 47. Fig. 
4.'j is a hack view of pact of a macliiue. Pig. 46 shows 
one li-ver in side elevation, and the iutiTlocking fi-;nue 
partly in elevation and partly In section. Fig, 47 is 
a plan. 

Till' |irincipal patis are jl h.-vi-^r, L lever latch, B 
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bijrt *-a';}j Ifr'i*--- -I. a ZL^a '.'LLiit- lii* i C'>rre?T»'»iidii*<: :♦:•':-£ 
b;<r F-: 1- driver f<.»r ba:-. Jz jockiric d«:»c^. iiit-d iv tLr 
Topfr of 'ij*r t»ar». }I •?r<•!^^ ]«>';k*. i^lid:!;:: :l £r!*'>jTe> ii ^ 
plaij<r Wj'h dec* -^'- '" •xdj*j.»eT- TL*r l^Trr. F:£. 4^"i. is iii 
The jjonjj^] ].9f.MiV]f*h. I>.K:kiii£ de^ff* are •^Lmwi, als^n at 
^. f. r. :.:.:. lu : aud cr*:**.* lockfr at jr ;, aiid r. 

The oj^raxor. in graii^piDjr a lever i»rejiaraT«v to 
puJliij;: it. Jif^i^ tL*- laT'L n.id. .1. and in «:• doing mms 
tbe lorkin^ fshaft /:. on i*^ axi*?. the hiieh acting 
throtjfih The link D: thi?-. bv njean> *.*f J. moves one 
of the hr*kinir ?^r* /- P. lentrtbwise. and. by means of 
do^fK JL and cro^s lock*? A'. obsTrncTs Th«=- movement of 
KT^rne other bar. I5,v This <^ij>eration. called pr«-]iminarT 
Jo'rkinf!. we may injure that no lever Sihall t^e pulled 
until all confljctinjr levers are first in a safe positioDL 
Th'- JaT^-h having thus j»fi'f«»nned its locking function. 
and h'dvuiti unlocked the lever A. A is pulled over and 
the Jatch y*}*} is allowf-d to drop. It drops behind the 
notch C'. and. by tilting: B. lifts D still further, push- 
ing the bar /' further, thereby unlocking such levers as 
may proj>erly Ixf unlocked after this one is reversed. 

T\nt pr^K-eHK of locking and unlocking may be fol- 
lowed by taking an example of f»ne or more movements 
from the locking Khe^-t of Fig. 42. In doing this it is 
to })fi borne in mind that each reversal of a lever (or. 
more exactly, each unlatching and latching again 
which muHt accompany the movement of a lever) moves 
the correKjionding kicking bar F to the left (upward in 
Fig. 47). The bar carriew with it its dog or dogs, the 
mitered endn of which jiuhIi the? cross locks one way or 
the other. Thr* croHH lock in each groove in Fig. 47, as 
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sfead of »igQal 4, tlie movement of bar 5 (dog w) would 
lock 4 in its notniiil position, by blockio}^ the path of 
dog V. ' 

Whei'i' a track diverges from the main track in the ' 
high siieed direction, as at signal 2, Fig 4i'a, Iwo iirms 
are pro\ided, as shown; the lower arm heing for the 





side track. Sometimes this lowei' arm is smaller than 
Mic iipiicr imt-; and on some roads a dwarf sif^nal would 
lie used instead of the second arm. In the most recent 
piautice thia one arm is deemed sufticient even if there 
be two or more ilivrging routes. In man.v exietiiig 
plants the earlirr in'actice still prevails of having the 
ii|jper aim indira(e for the ronte at the exireine right 
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jind the otJu'I- or otIuts in rh*' onh-r in whirh thf* 
tracks lie, Th»- I«>w»'r urni imliratinjr fnr rh»- niute to 
the extreme l^-ft. 

The arranj^ement of signals at a <:rossin;i of ont* 
railroad with another is shown in Fijx. -li'^i. A simple 
r-rossinj: as of tnak A with track 1 wonhl rH<iuir»' four 
sinp'le arm si^nnls. phie»-d as shown at 1. 2. 3. 4. To 
provide a^ainsr :i <:ollision on thf rr«»ssin;r in «:ase an 
engineman ne^li-rts to stop at the signal when it is 
against him. a derailing switch • called "derail") is 
nsed. An outline of such a switch is shown at signals 
1,4. o and 0. A "d*-rail" is sim])ly half of an ordinary 
facing jioint switch, and it is normally left op«»n as at 4 
and o. so that a train disregarding the signal is thrown 
off the track. \Vh^*re j^ossihle the use of derails should 
be avoided by putting in a diverging track. 
Such a track is shown in the drawing, leading from 
A at a; also one from track 1 at f. In some cases such 
a track is made continuous, as a d t, so as to be used, 
when necessary, for transferring trains from one road 
to the other. If surh a connecting track is s<» short 
that its use would not be likely to promote safety, 
"dead ends'- mav be laid as shown at c and r. A mound 
of earth should be made at G. Signals 5 and are for 
"back-up" movements which, according to the usual 
regulations, must bo made at low speed. 

Kach switch and derailing switch has a detector bar 
/Fig. it?,) to provi<h» against careless throwing of the 
switch while a train is uyion it. The lower arms of 
signals 2 and '5 are to admit trains to the side tracks. 

Signals 1, 2, 3 and 4 should, of course, have distant 
signals, suitably interlocked, set back far enough to 



obviate the necessity of ;iu oxccssivo rednctiou of 
Bpeed in approacliinjf a crossin;;'. 

After a train lias passed ii dif^iiiiit signal at "all- 
clear" (the enftiuenian expectiiif; In find the home sig- 
nal also clear) a hasty siyniiliii;!!! iiLijiht restore the 
distant to the caution position, thi'ii restore the home 
signal and then clear the conflicting route, .'ind cause 
a collision. To prevent this the levers of the signals 
for the conflicting route or routes are sometimes lifted 
ivilli electric ioeka. The circuit for these locks runs 
through the rails of the track between the distant and 
the home signal, so that the presence of the train locks 
the levers. For example, signals 3 and 4 being fitted 
with the locks, the track circuit coutvolling them 
would extend from signal No. 1 back to its distant 
signal; and a train passing this distant signal at all- 
clear would, by shunting the electric current, lock 3 
and 4 and hold them locked until it passed over the 
crossing. If the distant signal were at caution the 
train passing it would have no right to foul the cross- 
ing, and it would not thus act on levers 3 and 4 ; for the 
locks on these levers are never operative except when 
the lever of the distant signal of signal 1 is pulled to 
the dear position. When it is pulled it closes a circuit 
through magnets on levers :i and 4. withdrawing a lock 
bar which, until it was thus withdrawn, prevented the 
track-circuit lock from acting. I have said that a 
train, in locking conflii'tiTig levers, sfcurcs them in the 
locked position until ii has passed over the crossing. 
This, however, is not duut; by the single track circuit 
before mentioned, 'i'liat circuit extends only from the 
dist^int signal to signal 1. Beyond signal .1 there is 
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another track circuit, performing a similar function; 
but not controlled or interfered with either by signal 
1 or by its distant signal. It locks 3 and 4 whenever 
a train is on the track between signal 1 and signal 6. 

Signals, arranged as here shown, are used to pro- 
tect trains approaching drawbridgc^s. If track A were 
a stream, with a drawbridge spanning it carrying 
tracks 1 and 2, the approaches would be signaled as 
at signals 1 and 2, but with a single arm in each case. 
The back-up signals are not usually required and, in- 
deed, are not always required at crossings. The de- 
railing switches (and signals) at a bridge must, of 
course, be far enough back so that a train which is 
derailed will not run into the river. The levers are 
interlocked with the lever by which the draw is locked 
in position, so that the bridge can never be unlocked 
until the signals are at "stop," and the signals can 
never be cleared until the bridge is in position and 
locked. 

Switches, signals and locks are connected with the 
cabin by iron rods (angle iron or gas-pipe) as before 
stated. The foundations of the supports of these are 
of wood, cast iron or concrete. Concrete foundations 
are comparatively recent, but are cheap and durable. 
For signals (but not for switches) wire connections are 
generally used, being cheaper than rods. In changing 
the direction of a line of rodding (])ipe) a bell crank 
is used, but where a wire has to make a sharp turn a 
piece of chain is inserted and run around a grooved 
pulley. 

To compensate for expansion or contraction of sig- 
nal rods dueto variations in temperature a rocker or 



a simple crank is inserted iibuut evoiy 500 ft.; and 
whwe bell cranlia have lo lu> intiothn'i'd thoae can L"' 
used as compensators, if iln'i -.iv i«< sitiiiiti.'(l tliat tln' 

length of rod piislied is ;l|i|.ni>;iiii;ilrl\ .■qll:il HI lllt- 

length pulled. 

In a straight rod the most conniioTi form of i:on\ 
peneatoi' is the "lazy-jack," Pig. 43, a pair of lever.'-. 
connected, turning on vertical pins in a frame which is 
fixed in a horizontal position. Pushing a pulls /', and 
vice versa. The original dii'ectinn of the raovenieni 
tan, of course, be restored at ihe next crank. 

With wires, which cannot bi' pushed, the problem ol 



Fiji. .',.f.— (";nmpt«(.ij(i.c for Kioiiiil llwls 

conipensation is more difticnlt. Nnnienius devices 
have been tried and rejected, including a cylinder 
filled with liquid, in which a ]>iston moved by expand 
ine liquid took np the slackness of the wire. This was 
found too delicate for the rough usage that such a 
device is auhjected to. The most commim t.vpe of wire 
compensatoi' is that which may be described as a dis 
engaging clutch. The end of the wire which enters the 
cabin is not connected directly to the lever of the ma- 
rhiiic. bnt runs over a imlley to a weight or sprin;^ 
wliieh keeps it always taiii; and, a row of Huiiabh- 
notcbes. teeth or holes being provided in a solid bar 
(which is virtually a ]iart of tlic « ire) the signal lever, 
when grasped for a pull, is made lo engage with a near 



: M ixterijOCKing 

or d>taiit T '-••>• ii according lo iLt: distance lii^ T«»iiied 
U&r j^* h«e*-ii drairn iii bj tL^ w^igiii as in box 
'»'^:a'tb*r' or ]*rT OTiT a* in cold weaiiieri. 

Fi^. 44 -iiO'R^ a •.■oiiip*en*aTor. ns-trd ♦-nen^T^lT on 
tb^ PeLn^vIvania Kai]rc«ad. wiiioL was inTt-nitii br Mr. 
Joi^ph K- Jones, of Piiilad^lp^iiia. 

Jn tL^ li^iire Th*r lever is "home" or n-i^-ma] and the 
w^jal > at -sToji." The loain feainres of the oc»m- 
j^enwiTor are the ratebet wheel .»' with a sp^roekei hub. 
the wei^rbT .'.'-. the paw] K and the r*>d 5. with their 
conuecTioDft. The front wire, used to p»ull the signal 
lo Tbe ^U-clear position, is conne«:-ted- as shown, to the 
ebain -:'-. which mns over the sf»rocket hnb of .V to 
and around puUev C- and to the link attached to the 
axle of floating pulley £-. The similar connection for 
the back wire needs no explanation. The wheels A' 
are supfx^rted on the arms of the signal lever bv jaws 
/:. in which thev are saitablv mounted. The chains U 
HijpfKirt the weight X^ in case of breakage of either 
wire. \Ux\i^ S and S'- are adjustable at the top. and 
at the l>ottom they act on their respective levers by 
rnearjK of adjustable nuts. 

frj the pr^sition of the apparatus here shown, wheel 
A' Ik fr^'e to revolve, and any expansion of the front 
wire is taken up by the weight X^. When, for the 
\mr]}if%it of pulling down the signal arm, the lever A 
\n pulled to the left, lifting arm C, the lever G < pivoted 
at the right-hand end to Q, being no longer supported 
by rod .S, allows the weighted end K of the pawl to 
drop; thiH pawl, having at the end opposite to i^ a 
Muf table nose, now engages with the teeth of ratchet 
wheel N and keeps it from revolving; this practically 
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makes tbe fi-ont wire, whirli is taut, fast to the maia 
lever A. sind the movenient of the distant signal arm, 
therefore, con-eaponds preciscl^v to tlu- movcinent ol 
the lever. As arm C rises, iiriii D falls, ami Mic sUick- 
etiing of chaiu F' allows rliain .(' (n hi- |Milh-il uy 




witliiiiit lifUug tbe weijjht .V. Eacli of ilitse chuiiis is 
7 ft. long. 

When the lever is in its uonna! position, as shown 
in the cut, the bark wire K^ is liolii fast hy lln' sprocket 
w!ic.->l /' the actiiiii of the pawl mi this aide lieing op- 
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*•■ t I'l • '111 'I ii*-t v "L Zli*- rT't'^:'7 ■»- 'fhf:^ lUiL^ tOiOjw 

•Iji^; < 'i. ll;i,V " '.MO'*^7 ^:gKg'^ VT-J. "lir riTCb*-" 

^^•a vot'.**^. ti*-**:? ;-2*r: t* well. 

3;^ JU : :JJ>¥i *r^. IT/* :i*-,: -;.<••> fL. ITT. IlfS^ Ap-pror; 
-'/j-s>^*r;i '/u^ four? 1. o5 'b*: i^tri^iT avTs or. Tir l«&ck wire 
-?fi^^ osi^ ^jjsiJf OL • jj*r fr'.iDt mire. tL^ remaininc fourdi 
^M-tU'if 'hrr]*^ +♦;. Tjj'r d:Ked i»ipf<»rT- It :> found dr^ar- 
h^fW "o i\\\\^*' 'he wfri^t betwe^-n Th^ :wo wires in 
itittp^r ttjjjfc \frh\f^}rt\ffTi. the tenrion ^•n iht- Kiok wire 
^M-^ihts. of 'jftir^i, I<r«» Than that on the oiher. In the 
t^Mfu^ i,i t||P U^raka^e of either wire the weight drops 
uiiijl ir Uau'^k on rhain L-. and the tension on the other 



In this machine the luckin;; lrAi-<. iiisiiiid nl \"-\}\i: 
arranged in a horizontal finine. :uv j>I.iii.h1 in ;i vci-ii 
ral position. This saves I'ooni, as the h-uuu' is |ihiri'il 
lieneath the flo(n', and a narrow cabin affords all 
needed space, Tlie weight of the vertical bars or hiii 
pels is. however, added to the load to be moved by tlie 
attendant, and it ia not so easy to provide againsi 
wear of parts. .V section of a machine with a side 
vinn of one lever is shown in Fifja. 48 and 49; and n 
njacliiiM.' of the same j^jeneral type as the ■lohnsou, but 
wiLh differences in detail, is shown on pa{fe 192. Thi' 
lever shown in Fii;. 48 has connections for a ai^- 
nal. For a switch the rod would be connected 
to it :ii H. The bar K is for use where a signal is 
cihiuii'i'led by two wires. The lever is held in eaih of 
its two positions by the latch rod T', which enftaget* 
with notches in the segment B. When the signahnau, 
pi'.']i,nratory to clearing a signal, grasps the lever at its 
npi>er end he moves F' upward; and in so doing ac- 
tuates the interlocking, through the tappet jV, at- 
Mched at T. In lifting the tappet he locks all con 
Hicting levers wliich need to be locked to make it safe 
to miive this one. In pullin<r over the lever the rocker 
R is also pulled; but the slot in it is radial to the ceii 
tiT on which the lever tni'ns. so that, during the strokr. 
A remains motionless. On the lompletiou of the 
atroke and the dropping o( V. A ig caised stiH.fgj- 
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iLer. and :iii> un looks ^'^I'sh lrver> a* sboald be un 
locked after iLis lever :* pulled "oleared" or "Te 
rersed" . It will l^e seen That whenever the tappet A 
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Fif/. J§H. — Johnson Interlocking Machine 

of any lever is locked in the position shown in the en- 
graving it is impossible to raise V^, and therefore im- 
possible to move that lever. 
The action of tappet A' and the way in which it is 
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loeke<l iiLjiy In- uiiiliM'siinni by i-cfiTi-nw' to Fig. 4!), ^ 
tapper, say Nn. '■'.. slidcji vt-rl it-ally iu a i>laned reL-t'SS-J, 
in the iin/kiiitj iiljiir. Ii.'iti;; lu'lil in placp liy liorizmital 
strips (," iiiHl A'. TiaiisM'i-s.. -i-.m.vi-s .W (). /'. oai-ry 




(( Ooi;« 



il..j;s. siiuli as /. Two (lo-rs may be .■..rinect«d lo^rethcr 
liy liiirs. R. Tbe dogs an- held in plare by fltI^^p^^, V, 
Locking is effected liy sliding the dogs horizontally: 
fot example, do;; .' Iiua been pushed into tlic ootch in 
tappet 1. holdiii;; ii in the noinial position, fl' tappei 
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2 were i-aiwfd, ii diwij 
its notch would cim 
lifting of 1 would iiK 
means of rod R, wh: 



I to tlie widtli of a doy, 
(■ do;;' /: LiTul tben lln- 
isiiiTi;; J U> III.- left liv 
.■ts / with a i]»<i wliicli 



will engage with tappet -i. ilii.* lifliMj; of 1 also locks 
If 1 werp ali'ead.r up it would be inipostiihle to tifi 1. 



4. 



<;haptek XV 

TIIK W KSTIM;HOrsK ELECTI'J » PNEf MATI*: IXTEU- 

L«X:KIN<i MACHINE 

T1j<' iij«»?^t \vid»'lv ij>^-d j>ower apparatus for working 
jiwiT^-}j*-ri aijcj sijMjals is th*f WVstinjrlious^. made by 
tJiC' I'ljiijii Switch & SijiTial Company, i^ver 75 plants 
U-in^ iij us*.' in tlj«- T'nited States. TLe Westinghouse 
signals at the South Station. Kosron. constitute the 
most elaborattff pow«-r interlockinji plant in the world, 
though rliifre is no blo«-k signaling «:onnected with it. 

In this system the switches and signals are moved 
by coinpress'fd air at 70 lbs. pressure per sq. in. acting 
on a piston in a cylinder fix^-d to the signal post or 
on sUf^ry^ers near a switch. The air compressor and 
reservoir, near the cabin, are connected to each switch 
or sijrnal-cylinder by iron pip^s buried in the ground. 
The compress^-d air is passed through cooling pipes to 
precipitate any excess of moisture. Near each cylinder 
is a small res^^rvoir to provide a sufficient suyiply of 
air to insure quick action of the piston at every opera- 
tion. Th*' valves at each cylinder, admitting air to it. 
are of»ened and close<l by electro-magnets, controlled 
from the cabin: the wires, like the air yiipes. being laid 
*und<'r ground. At eai-li switch is a circuit closer for 
giving an electric "indication" in the cabin when the 
movement and locking of a switch are completed. In 
the machine the levers are only a few inches long and 
scry light, th^'ir main function l^K'ing to open and close 
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right or to tlie li't'f. jin'l it pei-fornis its function 
tliT'tin^Mi tlu- metiiinn of a long liorizoiital siiaft, which 
is iTVdlved on its axis. Ihroiigh 60 di'gn-i'H of a (.'ii-vk'; 
mill ijie shaft actuates ilie interlockiiii; (mechaniua!) 
U.V dops turned info tlie paLlts of sliding biii's, on the 
same principle as ilnil of the Sa>;hy & Farui'-r inter- 
Inrkiii- lii^fore (lesnlhed. Tlir "indieatinn" li-om n 
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«witL-li wr signal annates a magnet fixed near that 
shaft (in tbe tnacbine> which controls that switch or 
signal : and to insure that the signalman shall not clear 
a ei^al before ita switch is in the rifcht position, this 
magnet locks the shaft, after it has be^n larned far 
enough to move the snitch, and prevents the man 
frmn completing the turning of the shaft until the 




switch has actually finished its stroke and sent Us "in- 
dication," The "indication" being received, the stroke 
of the lever is completed and. the prescribed inter- 
locJcing having thereby been effected, the lever for the 
signal, to give "clear" for the route over this switch. 
may be moved to the clear position. 

The signal used in the pneumatic system, a sema- 
phore, is similar in general apiiearance to the mechani- 
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bridgf its post is >\invi. 

is naed both f<.ii' itiit'ili 

The latest design foi- ihis |iiii|MPsr i> ^Imw u in [■'ii;. :u. 

page I'-iS. Tliis signal is iIli' ir,-iili ••[' \iai?~ nt ili'V(lii|i- 

ment aiitl ciiihi'nces nuniiToiis iui|hiiiviiiiriiis mailc by 

llic niainilafiiinTs since the s.vwtcm was liisi usi'ii. 

In I 111' dnaif si'mji]»hofe. used for sitriiais siiuaii'd un 
flic ^■niiiiid. iK-iwi'fH tniriis. wlii'ri' tln-n- is liui liiili.' 
s]iiiii.' land ui'VCf for iiigli-spced uniVfiiieiiisi, the ic- 
tui-n of llie iinii oi* lilade to llie «tn]i imsiiion, in ciiMu 
of fitDure of llii- ajijiaralns, is si'cui'ed by nii-aus of !i 
spring, itislcad of liy ilie weifjlit wliicli is used in tliC' 
liilt sIko si-iiia]ihon'. Tin- dwarf wifinal is shown in 
y\iX. r,± In lliis dfsit,'n ttii" rylind,-c is inin-alile and the 
piston stationary, the prcssoir piisliins up tlie oylin- 
der, a;i;ainsi rhe downward pressure of llie spiing. 
This nidveiiienl puts tlie arm down; and on llie release 
'if Mil' air. when the si^rnal is to be restored to the atop 
liosiiion. the spring fiirees the ryiiioh'i- and its rod 
dowuT\ard. The pisloii rod is holhuv. iliiis serving 
Hsaporl for IIm- admission of air lo llie . ■blinder. Tin- 
iani|i is nionmed on tup of the p"st, so thai iho glasses 
ired fill' stop iuid grei-n for go-ahead), are in ;i different 
position, as related to tlie arm, from that of the glasses 
in the foil sine semaphore. To provide againsi damage 
by rontaet with passing trains, the casting lo hold the 
biaih- and tlie glasseh is of inailcaMi' iron, and tin- 
hhidi' itself ia made of llcxible rublicr. In mechani<'al 
signals tiie use of n spring in the plate "f a counter- 
weight would be dimmed nnsufc as the l>ii-al;age of 
a iT]iciiij; might lausi' a failoii' m give a siup indiea- 
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tiwii; but ill tiiis svsu'ui iliis datijiei- d<*» irnt exist, as. 
if the spriiitr sliimld fail tn if«loic ilie »i;:nal tu the 
striji [tosition. the sigual h-vi-i- would be Iwcked. bv ilif 
eli'Cti'ii-al a|i)iliatii fs, in tbi- pi-abcail pngition. thus 
oumiiellitii; atteutioti to the defect in the signal. This 
safe^uarrl is ao<-imi|)lisbeil bv iiie.int> of iuisatated 
metal plates attache*! lu the signal cylinder, which at 
the jiroiter time liuse an elecii-ic circuit cimtinllin): the 
level- in ilie vabin. 

The eleetr»i pneimuiiii- switih eviindei- ii> shown in 




Fifr. S^J, InNet No. :i. The clectni-niaRiiets fin- con- 
trolling the admlHsion cif air to the (.yliiider are clearlv 
shown in the enpravin;;. Kach cvlinder laiid its piston) 
moves not onlv the switch but also the detector bar 
and lock; and two or niwe switches, near together, are 
moved bv the same cylinder where it is found desirable 
to do so. This ninltiplicaiion of functions is pro- 
vided for bv Jin increase in ilie sizx* of ihe cylinder or 
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hy a h'l'^h*-!' air prefr^ure. This «:ODceDtratioD of j»ower 
JK. indeffd. ODe of tbf ma id advauTajjes p»os&essed by 
the i>'>wer apparatus ov»-r macLJDeff worked bj hand: 
aLd. rijoreov^r. *-a^li l*rv^r iu iljf* f'lectro-pDeumatio ma- 
♦:hiiifr ruay b^ made to j>erforiij t1j»- fnuction* nsually 
performed by two separat*- mecbaniral levers, as each 
one caij l»e moved either to the left or to the ri^bt 
from i^> uormal ]»ositioD. 

i%riioijs of the elect ro-pDeumatic interlocking ma- 
djiue are shown in Fi^s. 54 and 55. the former being 
a Ki-cnon from back to front. Fi<:. 55 is f»artly a front 
elevation and f»artly a section. The track model, which 
apj>^-ars in section in the iip[>er part of Fig. 54. is bet- 
t^-r shown in the perspective view of the machine. It 
consists of metal rods, r^jaesenting a i»lan of the track. 
Kach rod which repres^^nts a switch is movable, and 
is connected to ihe switch levers in such a wav that 
every movement of the lever, to move a s\%itch in the 
track, moves the corresponding part of the model. 
Home models have miniature signals as well as tracks. 

The principal parts of the interlocking machine are 
Buitably indicated in the transverse section. Fig. 54. 
The mechanical interlocking parts, supported by the 
locking bar brackets, are similar in design to the inter- 
locking shown in Figs. 40 and 47. The whole appara- 
tus is enclosed in a wooden case with glass top. The 
wire connections (^not shown in the drawings), are all 
run to binding posts on the back side of the frame 
supporting the machine. 

This sectional view is taken on the center line of a 
Hwit<:h lever and shaft. A sectional view of a signal 
lever \vr>uld he similar r^x^ept that there might be no 
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cdS&ectious to ihf Irnck iiiudi'l, niid there would be, , 
one electro-magnet ;ii tin- bin-i; tif 1lii' niiLcliine instead 
of two. In Fig. 5i; is mIihwii a rear vii-w of ii aoiall 
marine. On the flrsl hiiid i-uIiIht I'olic]' an' seen tire 
electric contact strips. Tlie (■Dinrollin}; Tiiagnets arc 
below ("he jilate ill the riglil. ;i!id the bark side of thf 
track muib-l is slmwn ia the iiiijiei' pail. 




The process of moving a switch may be bi'iefly de- 
scribed as follows, taking, for exflTiiple, lever Xo. ■'. 
Fig. "}-. All signals Mhioh could givi' ;i clear route 
over the switch in its present position being iu the 
stop position, se ll\at the intrrlocking will not inter- 
fi-v wilJL the iniriidi.'d movement, the operator grRBpR 
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the lever and iiit»ves it to the rijrht. revolvinj; the shaft. 
As so4»n as this levuliitiiui has begun, the "driver" on 
the shaft <Fig. 54i has moved the locking bar a short 
distance, so as tt» look all levers which, if they were 
to be moved, would permit trains to interfere with the 
intended movement. This locking effected, the further 
revolution of the shaft causes a copper strip to close 
the switch valve circuit, which, bv means of the electro- 
magnet <Fig. r>3i admits air to the switch cylinder. 
The piston movement prtMluced by this air pressure 
unlocks the switch, moves it to the other position, and 
then locks it. The locking having been completed, the 
closing of a circuit in the indiiation box iFig. 58) ener- 
gizes its proper ^indication magnet" <Fig. r>4i, and the 
operator is then able to finish the stroke of his lever, 
leaving it inclined to the right. This linal movement 
pushes the locking bar the remainder of its stroke and 
unlocks the lever or levers by which the operator will 
clear the signal to ]H*rmit a train to pass over the 
switch in its new ]»osition. 

In Fig. 53 is shown the ^'switch and lock movement" 
by which the rod from the cylinder performs the double 
function of moving the switch and locking it. This 
device is similar in principle to the locking apparatus 
used with all kinds of interlocking, where such a com- 
bination of functions is desired; and a brief descrip- 
tion of it in this place will, therefore, serve as a sup- 
plement to the dejscriptions which have been given of 
other kinds of interlocking. The principal parts are 
so lettered as to «'Xplain what they are used for. The 
flexible connection from the auxiliary reservoir to the 
cylinder is employed to provide against leaks due to 
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mWQoal pi-ossui'e orsetllinfiou orin the dift'ei-entpai-ts. 
Xhe pod a. and the lonj^itndiiui] iinjviiijr pai't of tin.' 
•■iDOvement," a\ together willi ilic ik-tcrlnr liar con- 
nectioD ii° are pei'inaneniiy uuiiiLcricd, ;iiid iiia.v he 
treated as a sinsle rod, whii'lL wr will i-all «. This roil 
has a stroke of eiyht inehys; hiii iis ;irtinii on tin* 
HWitoh (by means of crank b) does nui ln'i;iii mnil ii 
has moved ahout 2 in.; and the switch act inn is (inl^lird 
in the next 4 in. of the movement; so that iln- Uist 
tnii iuclies can ho usf;d to unlock the switch and the 
lii>*l Iwo inches to lock it in its new position. The lock 
I'od, where it passes through the frame, iippeiii's in 
I'levatioti as in the figure below. 



lioii a unlocks the switch hy withdrawing a iug from 
the lower notch y, which lug is indicated in the eleva- 
tion. Fig. 53, by dotted lines; and it locks, after mov- 
ing llie switch (and changing the position of the loi-li 
riidl liy pushing another lug into the upper notch .i-. 
The vertical pin in a', which moves crank b is flttfd 
with a loose collar. 

The detector bar is provided to prevent tlie switch 
from being thrown while nn engine or a car is on or 
neai' the switch. This bin*, ^)bont 4."i ti. long, with i[s 
edge upward, lies alongside one of I In' rails, nnd is so 
supported, on a sei'ies of anus (■■links"), lliai, when- 
ever ;i wheel stamis aliove any \.:\vl of it, it lannot be 
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liftf-il- It iinisT Ik- lifi»-d alMnit "*. in. land tbt-u 
dri»|ii»t/d« wliMn»-\vr tli»- switrli is iiiiiv^d. «ir nvt-u uu- 
loi.-k^-d. and. tlifrffni-t*. the iirfsent;*- of a car ur an 
irnjrin^' ]ii'».-v«.-nts anv inoviMnf-ni nt tlu.^ switrh. Th»- 
liftin*' is ».'iT»?.*t»-d h\ xh*- rmi j- whii-li is siiitablv con- 
ne«:T«::*«l. Pnsliini! rud .:- u* Th»- h-fx piisbos ili»* dflfcTor 
bar To Tli»r ri;:lit. sti that th»- sni'i»i;iTin^ links j, of 
wiiii'h tht'it- are lo ur 12 fur a 4ri-fr. bar. an- pushe«i 
ovi-r, and l»-fT inilin»*il th tIi*- riiilit. instt-ad of to tlit' 

If-fT. 



THE LO>\" riii:ssriM: I'M.imath' sysiiim 

Interlocking apparatus worked l\y c-innpn'sscii ;iir 
at low pressure (15 lbs. per aq, in.), anil wiili no cIlt 
irical features, is in ose ou the New York t 'riiii-il ami 
u number of other railroads. It is made h,v the Siand 
ard Kiiilroad Signal l.'oinpan.v. of Troy. N. Y. Pressun^ 
is admitted to working cylinders by valves actuated 
by large rubber diaphragms, which diaphragms are 
worked by air at 7 lbs. pressure, this pressure being 
conveyed from a cabin 500 ft. distant, and even much 
farther, in one or two seeondn. As in the electro- 
pneumatic machine, the "lever" of a switch cannot 
complete its stroke until the switch has actually moveil 
home nnd conveyed au "indication" of the fact to the 
ealiin. The interlocking is mechanical, the parts be- 
int; made very small as in the Weatinghouse machine, 
^^'hile the action of compressed air in pipes is not in- 
Ktantaneous, like an electric impulse, the movement of 
switches is effected quickly enough for all practical 
purposes; and at ordinary distances the movement of 
a signal is practically simultaneous with its lever. 

The distinctive featnres of the low-pressure pneu- 
matic interlocking niachine are: (1) A row of slide 
valves iV-alled "levers"), like (hat shown in outline ai I. 
and I--, Figs. 58 and 59. As in the electni-pneumatic, 
Ihe physical labor imposed ou the signalman is iuap- 
preciable. (2) The un'chanical interlocking frame, 
placed vertically, on the front of the marliioe. The 



206 



INTERLOCKING 



maimer of connecting the 'lever" with the interlocking 
is indicated by the position and arrangement of the 
tappet H in Fig. 58. (3) The indicating cylinders and 
their relays on each "lever," as shown in Figs. 58 and 
5J). 

The appearance of the machine is shown in Fig. 57, 




gji^s^^^ ^ir^ 
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Fig. 58. — Switch Movement 



and the way in which the pressure is conveyed and 
controlled is shown in Figs. 58 and 59. Fig. 58 repre- 
sents the arrangement of valves and pipes forming the 
connection between the interlocking machine and a 
switch cylinder. The principal parts are: S, switch 
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that after alxmt ouc-lmlF .if tlie strnke of L lias been 
i-ompleted it is stopiieti liy tli*? piston rod nf P; but tlic 
uperatiou of valve I!', alriMilv iM-coiuiiliwhed, finises M 
to move tliroutjli tlie wlioir nf ii-i sicnkc 'I'liis sirtike 
' of H ia uDiiitorrupted, lim if jn'cinnus in Miirissinii 
three fnneiitms. The lii-wt pui't of ih.' sii-nkc ^;iy <iur 
third, does not move the switch. Inn \iihi- H is 
moved fjir enoiiph to close the two [ii|ii's on ii> 
right, while tliose on its left nre n|ien to iIlp liI 
Bin>],l„.n-. Al (lir siime fiiin^ li"-l; h:n- s' ll;l^ 




bteii liberated at s-. As M moves Ihi-oiiji'h the next or 
miihlli' portion of its stroke, it moves the switch; but 
it now produces no effect ou valve D, because the rod 
of D is now engaged bv the straight portion of its slot 
in plate M. The switch being set, the third aud final 
pnrt of the strolie of JM locks the switch by pushing s'" 
throii;;]! a hole in s'; and also (but not until aftei' s'" 
has entered Its holel the plate changes valve D so as lo 
connect together ilic two pipes at its lower cmi. This 
conveys pressure from ihe supply llirough 1! ami D to 
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liiiiH: s'. lo.k bill-: s. Kwil.h I-...I: M. moiioii i-l.-iu.-; •'. 
Nwi1.li (yiiii.i.r: l>, iii.ii.jitiiij; valvv: K-. ir. |{'. K . .-..a 
irollin^' v:ilv.-s: I.. ].-. n|,i-riiiiii<.' Imi- iiml slid.- v:ilv^; 
I. I-. iiidiijiloi- rvliiidt-iN; IT. iiiinliiikiiiK tiippfi : X. u'n 
ifMciVdir. 

Til I'liiiiiiti' llio |)iisititiii of llic switrli tin- si}>iiiilinii:i 




;;riii!iiis I. 1iv tlic liaiiilli' :iiiil pulls it out. 
life adniils aii- ifiimi ilii- tiiiiin sii(j|il.v X 
vjtlve I.'i lliioii;;!! j.i|.i' <i 1.1 valvi- [{"■. which 
muni.jiti.m fr.mi tln' siipiily |ii|n' X u> tite 
end of die .yliiHl.-i- (', imsliiiin iln' iiisr.m 
Obsi'ivinj: ii.iw ilif sluts in 1, and M 
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valvt' K\ wliioli valve then adniils air from the 8uit])ly 
to 1-, finriiifi the piston rod upward, and, by meiins of 
the diagonal portion of llio slot in bai' L, forcing this 
bar to onKijiIcte its stroke. This retnni action takes 
place at ordinary distances in from one to three ■ 
Seconals. ]ii nipid work, tliiH antomntic completion of 
the stroke of the bar saves an appreciable portion of 
the Kignalmiin's time. 




]!y the action of L- pipe ci is now opened lo the at- 
mosphere. Valve R' is now released from pressure, 
and R* is closed; so that the right-hand pipe to cylinder 
C and itH connection to and through I) are open to the 
atmosphere. All four opei'Jiting ])i])es are now at at- 
mospheric pressure. 

By the movement of L, tappet II has been moved so 
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ilB to pniduL'f llll' |.liP|ii'l- lilc.li;llii<;il l.itkillj;' lit fl.ll- 
llietil^ levei-s (in tin- (irsi |i;ii'i ol \U.- simk,. cf L) aiul 
llie proper unlocking lin ilir hisi ]>ai-\ nf iliis Mfuk'e) in 
theBamemauiici' iiml scijiii'iii'^' Mlit the s.'iiiir jnii'i'luck- 
lnK would be cll'fi-lcil in ii MJiiilli 1 ■li.iiiiiMll.v iniiT 

locking mucliiiip. 
To more the s\vi(<-li l.;ii-k i.i iis ni'ii:iii:(l ]pnsi:iiiM, ilic 

llf^rite set of pijirs is ilsrii. Tllr hill- 1. is imsliril III 

t]ieTij;Iit: n'lr llir<Hii;h b jctiiali's If, iiiul llif retiini in 
dii'^ilinii U< 111.' i-;ihiii jirtiinit's W niul lifls llit- iiisliUL 
ill I. 

To woi-k !i siynni, viilvcs ;iiid oi)ei'utiiig pipes are used 
lit the same genera) st;\le as those for a switch, but 
tiierf is onl.v odc iDdicaling valve aud oup indicating 
c.TlindiT, as if is iiunecessarv to assni-e the attendant 
ihat a signal is in the go-ahead position. The signal 
■ onnectious are shown in Pig, 59. The principal parts 
aic: A, signal aim; A", signal cylinder; A", lever to 
wmk indicating valve; E, indicating valve; R° and R', 
fliapliragni valves, controlling the admission of air to 
I lie top and bottom, respectively, of the signal cylinder; 
i;'. diajihrngni valve controlling admission of air to 
cvlindcr T. The signal being in the normal or stop 
posilion, the indicating valve B is in a position to main- 
tain a connection between the two pipes attached to it; 
but the instant the signal arm leaves the horizontal 
positiiiii the valve shuts off this connection. 

Tn change the signal tin- signalman jiulU L to the 
left, the whole length of its stroke. H.v (his moveim-iit 
L-, admitting air tn ]iipe a, ai*tiia(e8 valve "R". which 
supplies air to the lower end of cylinder A^ anil pushes 
up the piston, pmliiig ilie signnl in fhe inclim-d or all- 
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clejir position. Tlu» air impulse is transmitted so (piick- 
ly that at the averaj::(» distance — say 500 ft. and l(»ss — 
the movonu^nt of th(^ sijj^nal is ])raeti(;ally simultaneous 
with the movement of the lever. Tin* sipial rcMnains 
in the inclined ])osition as long as L is jmiUchI to the left. 
To restore^ it to the normal or sto]) jiosition, L is pushed 
to the right until it is stopped by the piston rod of 1 
(at Uut end of the horizontal part of the slot in L). With 
L in this position, jiipe b is charged and valve R- is 
opened. The i)assage between i>i])es c and n (throuj^h 
B) is now closed, so tiiat the opcMiing of \i- admits air 
from the supply to the upi)er end of A-. This restores 
the signal to the horizontal position, and by means of 
A'^ opens valve B. Air now ])asses from e through B 
and n to IV, and the latter causes air to enter I and 
c()m])lete the return stroke of L by the action of the 
[)iston rod on th(^ diagonal ])art of the slot. Pipes b, e 
and n are now at atmospheric pressure, and the parts 
ar(» in tlu^ same position as at the beginning. 

In rig. ()0 is shown the diaphragm valve, which is 
called the "relay," its function being similar to thai of 
an electro-magnetic relay in electrical apparatus. This 
valve is actuat(Ml by air at 7 lbs. pressure. This pr(»s- 
sure, admitted beneath the circnilar rubb(4' diaphragm 
8 in. in dianu^ter, pushes up the cylindrical valve, placed 
vertically in the upper part of the case, and thereby 
lilxM'ates air at 15 lbs. per square inch to move the 
piston in the switch or signal (cylinder. The movement 
of the diaphragm is only j.4 ii^- 

The operating and indicating pipes extending to 
switches and signals are 3^ in. in diameter. The supply 
pipes from the air reservoirs are larger, the size being 
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^ariedai-i'iinliiij; \» i\\i- iiiiinhri- nf swilrln-s iim! si<;iiiils 
ID be 8up])lii-il. 

The iiir iis ii r,.]iii'< fniiii Mir L-,nii|M-r>>ui- is nm 

thrOUgll ;1 ronliri;; rrjllnr (ny llu' |iil|-|insr 111' |ii-|'ii|iil;il- 

iiijjiuoisluii': Iml w ilh low iii-i><-:iiri' ilirn' is |ii-,'iriiiiili\ 
111! troulili' I'l-imi nuiisnirc iti ilic [lijrcs 

Alow |ircssi]ir i>ii.'iniuitir iii;ii'liiiir <■( isii l.-vris is 

liafd to wnck IJii' swilrli.'S ;iil(l '^i-]l^lls ill llir yMi] .il' 

Llii^ Orniiii rriiiriii Sknioii, New York Citv, ;i (!iiijii';iiiL 
ol' wliiili is -ivi-ii .HI liist't Jio. 4. Tli!« stiitidii is Ilu- 
tfiiniiiiis iif liii' [liissengei- lines of the New Viii-k Ten- 
I f:il & riinison Hivt'!- and the New York, New lliiveu & 
llartfoi'il. Tliis yai'd, one of tlie busiest in (he loiinti-y, 
Wiis tiiv iiiniiy years signaled with mechanicral sijiuals. 
Tlir inaehhie in the cabin oi- tower at 47Hi street 
works, besLih's Ibe switches and signals shiiwn, 2S 
switches and •2-2 sijrii-iis to the left (noi-th) of 48th 
siri'i'i, wliirli sii-m I'liiiiis the left-hand boiiiidarj of 
till' iliMi;i:iin. Ill ilie ilraw'ing the heavy shading at the 
sniii-ht'S slii'«s i!ie iKiniial position of each. Fni- ex- 
ample, switch Nil, 1 15, near one of the haj^gafje lifts, 
stands niiiiiiiilly in ]i"sition for the stniight line, not 
till* <lia;;oniil one. 8witcli N". '.)% near the nppei' left 
haml riH-iier. siands uonnally for the straight track; 
switch No. 140 siands niu'nially for track 1). Since this 
diagram was made. Iiinks Y and Z have been extended 
BO that they join one another. Tliis yard is the ter- 
minus (if a four-track railmad, but al llie entrance of 
the yard it is necessary, im account of lacli of room, to 
run all nf the trains orer two tracks, one inward and 
cne ontward. Thr hmIii inbmiiiil hack is Nn. 1. and the 
oiulininid is H. T\-a\u< run on llir left-hand (rack be- 
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tween this terminal mid tlio junctions a few miles out. 
The sipials and switches mai*k(Ml **fiy'' are used for 
inward trains which, In^fore thev are run into the sta- 
ti<m ar(» s(»])arated from tluMr (»n^ines. A train ap- 
proaching? sijijnals (><>, 07, f>S and 70 on track No. 1 re- 
ceives notice about (>()0 ft. back, by a two-arm signal, 
whether or not a ^*fly" switch is to be made; and, when 
it is made, two arms, (>8 and 70, or 07 and 70, are pulled 
down at the same time. AVlien a fly switch is made, 
the engine is run to track No. and tlie cars are divert- 
ed either to the left at switch 71 or to the right at 
switch 72. 



The T;iyhir Signal Ccmipanv. at IJuttiiln. X. V.. has 
hitely (I'.lOO) iutroduced switch and si^ii;il miirhinrs 
moved and I'ontrnlled entirely by electric puwiT. 'I'Ih* 
inlei'locliing is mechanical, simihir to the Johnson lyiM', 
phin^il in an npi-ight frsmie on the front of the maehiui'. 
The switch movement, with a cover to protect it from 
(he weather, is fixed on a sleeper close to the switch, 
and sifcnal motors are placed on the sigTial posts. Elec- 
tric cii-i-uits passinfi; throTigli the rails are used in the 
place of detector bars. 

Electricity, from a (iOmh siorag.- Iiaiici-y, is the 
]iower for all the fnnctions in tliiw interlocking, except 
the rail circnits, which are worked by gravity batteries 
Id I lie ordinary way. Ciii'rent from the storage battery 
is used only while switches or signals are being moved, 
so that the ciinsvnnption is very small; and the motor 
Igasolinel wJiich is used to charge the accumulators 
need \>v run ouly a small part of the time. 

As in other |iower interlocking there is an "indica- 
tion," acting on the lever in the cabin, to indicate to the 
signalman that the stroke of the track rails is com- 
pleted, and permit him to finish the stroke of the lever. 

The switch motor is shown in Pig. K^. Through (he 
gearing shown the motor .1/. lurning 20 revolutions in 
about lyi or 2 eecondw, revolves wheel 1 one revolutiou 
lo make (ine stroke el' the swileli. The swil<'lL is con- 
nected liy I'od 2. piviiled at a ]<• cam movement. 3. rp- 
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volving on pin h. ('rank-[)in c on wheel 1 besides mov- 
ing the switch by nicans of the cam, moves the lock 
directly by rod 4, connected to the lock throngh 5 and 
<>. To the end of (> (7) mav be attached, if desired, a 
eiank to work a mechanical detector bar. In the (eleva- 
tion a detector bar is shown. The lock bolt (> is with- 
drawn from lock rod \) before rod 2 begins its stroke, 
and it is reinserted after 2 has come to rest. The 
switch being locked, the tinal movement of the lock bolt 
causes the reversal of electric switch 10 which opens 
the power circuit and closes the indication circuit. The 
power for moving this circuit closer or switch is fnr- 
nished by the spiral spring encircling its rod. The 
spring is com])ressed by the movement of rod \) and, at 
the proi)er moment, by the final movement of lock bolt 
G, is released so as to close 10. 

When a switch movement is completed and the motor 
circuit is broken the motor is at the same moment con- 
verted into a generator. This is done by closing the 
indicator circuit (at 10) and this current, generated by 
the motor, lasting only a fraction of a second, is what 
gives the indication. 

The movement of the switch back to its original 
])osition is accomplished by turning wheel 1 in the op 
jjosite direction, th(» movements of the cam being the 
same as before, but in reverse direction. The polarity of 
the motor was changed (by the preceding movement) at 
10. If a motor should run too long it is automaticall}* 
throw^n out of gear. For single switches or derailing 
switches a 1-h.p. motor is used, but the power required 
is usually only 7 amperes at 60 volts. 

A signal motor is \/q h.p. It puts its signal in the 
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all-i-loai' position liy wimlinp up it I'lmiu wliioli lifts the 
weighted end of llie lialuiioe lever, iiiishing up the 
signal rod. This winding up lequires jibout - mniwres. 
When a sigitnl has been put in the clear position a i>ole 
changer operates as at 10 on the awiteh niaehiue, oloa- 
ing a circuit through a brake uiagnot to hold ihe signal 
down. The motor is at the same time de-energized. To 
return Ihe signal to the stop position the brake magnet 
is de-energized and The counter- weight causes the bhule 
to take tlie horizontal position. The brake magnet re- 
qnires only .1 ampere. 

In Fig. )>4 (t is a motor for two signals, and (> is a 
motor for a derailing switch (141 on a track approach- 
ing a grade crossing of another railroad. The signal 
has two anus, for the reason tliat there is a diverging 
track (lOt jnst liefore reaching the crossing. The wires 
111. 11. 0. p. q. x. V. = and i'2 lead to the macliine in Ihe 



Hi.ECTRIC SWITCH AND SIGNAL APFAtiATL"^ 



213 



I'UbiB, Tvliicli is desiiibed in t-uimeftion with Fig. Od. 
.\tagDete c and d ai'o fixt'd to tlie signal post and one or 
Uie other, according m wIiii'Il I'ii'cuit is cinsi'd. runscs 
a hook to i-ngage the rod I'or wnrkinj; llic ;i|iiiro|ii iaii.' 
BignaL The drouit closer liMipcn ilieniiiiiic riciiiii iimi 
close that to the electric brake iy n'|hn*sriiii.l ;ii ,. Ai 
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:' arf' ?»ho^ri ri^nTytrr {niinr?* iri*«^*rrf^i| in the rriiiin wire, 
HS ^in ;Klr|iriori;j| !*;if^"^Ti;!r#l Tm iri>i»>- rriar a high ?*p*^r*^l 
?«i$;ri;jl ;*h;ill n^wrP ^w> givf-n w-irii ;t f;*.:ing-fK>int swirrh 
or ;i ^If-nnl of»»*n. When rh»- '•^^ir-h or derail i?4 clo?^^**! 
fh^- fioinr-. * ;»:»• rlo-^^d hv ^. Th*- f»*»U- ♦ h;inir«=^*r i?» ?iho^Ti 
ar A: • i?. rh»* hrnke rri;i^ri*r jtnd • i> rh^- ri-;pk ♦rircuir 

fn Fiir. *»•*>. i i* rhe jr^nernror ■♦»[• -"♦»[■;» ir>* barreryi for 
?»ijpplyinir ^'iirr^^-nr ro rh^* prin«:ip;il rir-«':riir?»: -. ;. d and t 
are principal l»-^d liiir?*: ;»•. ,••. . " ;jnil ; •:orr^:7»p«>nd ^\ith 
the ?*arn^* l^*rrfr?4 in Fijr. ♦J4: r". r-. - . :* ;ir»^- rnnk relays, 

A vi^'W of an inr^-rIorkin;r ni.i'hin*- i?^ ?ihown in Fi;r. 
^J2. fn rhi?* rut "lever?*" 'har?j» wirh h;indU-> ^^-xrendin^ 
rjpward are for swir.eh»*s. and rhoj**- with d«»wnward 
handle?* are for ?*i^al?4. A ?*wir*h U-v^-r. wh^-n moved, 
op^-n?* two eireuit?* and elo?*^'S two: th^f sitrnal h*ver 
ofK-n?< one and elo?te?* one. 

The vertical tapfKfts which do the interloeking are 
aetuat^'d hv the niovenn-nt?* of a s!*»r in th»' lever, tSee 



.\, Fijr. ^>^>.» Fijr. OfJ i?* nn ontlinf* drawing' "f a "lever" 
and itrt eonneetions iwith handh- broken otfi. 

The "indieafion" aefJ4 bv mefins of the solenoids M 
and \f\ Fi^, f>fi. When a switch » having completed its 
j^troke; energizes one or the other of the pairs of s<^>le- 
noids M or \f\ the movement of the armature f con- 
trols the bar fj, supported by /. and pivoted at a. The 
armature / is rigidly fastened to the cores of the mag- 
net. 

In Fig. fU\ rhe lever /. has been pushed in about three- 
fourtfis of irs stroke. Tfie first part of the stroke, by 
the action of the upper leff fiand portion of slot 5 has 
de[iressed fapfiet / fuv enougli to lock all conflicting 



li'vers. Diniiij; llip iiiii-iiiiHflink' \>a\-t of the stroke, 
"liile tile ]iin of the inpprt is in llu' Imrizontal porliou 
of slot s rlie levt'i' L, ilii'uu^li liai's B and >; luis changed 
the circuit cioHer or coutrcdloi- from the "reverse" to 
the "norma]" positioii (usiut; tlii'si' terms in the sense 
common in interlocking practicei. Tlii> < iMUiullcr I" ■in;; 
normal, it sends a cnrrent to tlie wwitch nimoi-, rliaiii; 
iiigthetraeli-rnils to noma]. This lieintf ai-i-eainlislied. 




the -iiidioaliiin;" sent liiK'l; from tlie switeh, as heforc 
descrihed, Gnerf;iKes magnet M'. This attracts arma- 
ture / and [lermita bar B to drop out of notch li, by 
>\liieh it moves bar r; the operator can tlien push L the 
remaiuder of its stroke, forcing tappet / farther dnivn 
and lliiis unlocking sacli levers aa it iiii proper to un 
lock after the movement of tliis switch. In case the in 
dicatioD sliuuld no( cume (aa wimid be the i"isc if the 
sniicii rails should fail lo move ■■li.ime"}and /- is pulled 



I'll [NTERIJJCKING 



bark rnwnrds rh«f pnsirir»n from which it sitarted, the 
pawl d i^n'XAiZ*^^ rUe lui: ""- nn nhe ^i«l«^ of armanire r an«l 
pushes rh«^ arniarnn* r^ rtie riirhr; .i is then lifteil over 
r"' hv srrikin:^' MirMinsr ;morh«^r lair. ". ^-xrendiniz down- 
\\ard frnin rU*-- frame. The piishin;Lr '^f *" tt> rhe right 
ppevenrs :■ fi-i-m «lr»'»ppiaj: winhniir being released by 
an indirjirinn ••iiri>*nr. If ^he^^f is a failure to indioare 
on this -*ide nls«t. and rh«- ^lp^'l•a^^•l* lualvt-s a s*^ri)nd ar- 
r«-mpr rn llit•\^• rh«^ >iwirrh \*y airain piishinir in L T.h*^ 
do:; .;■■ will push -' r«. rhe l«-fr. FJ,il- r- *\\n n«-ver drop 
e\»-epr ;^f^^••,• }f ni* M"- has pulU-d " "ur fL-« »iu imdei* the 
[toinr '■■ oL- \ Ir is prissil»li- r«. mM\>> rh«^ lt-v»^r inward 
Tt, rhf full t-xre-nr nf irs sn-nke- :U*r«-i- iiavin.:;: nn)ved it 
partly iHirw .j.-d. bur ir is iin[i«.>isibU' r.. :iit.\>r it thruiigh 
th«^ last pai-t nf irs sri'«)ke* in ^irh^^i- dii-i-rrinn withmir 
iT'-ftinir a i>'U*;i>«-* by ni«-;«:i-i **( rh^- "indi'-arii n." 

Tlu* .ii:rreMi liii.*s .jr :.:' i:ldi"■a^^* rl>- {M.sirit)n ••f bar B 
w hi-n ir is •lisi-'rii:;iu''^d fL-iini -. fiMllt-:-^ •." and ' support 

• ».- iruid'- rii»' sli.linj: bar^. Th^* fnii-riMn r.f rh»r rn-i-t^ss at 
'' is To limi'" ^ll^' ia<ri,,n ..f -ili«ii:iu' !i;ii- ■•. 

Th»-* nin\^-n"i'-nr r»f rin-- -i\\ ir.h in rjn- i |.[iMsiri- 4li:*ei'tion 

is ^*rT^M•t^M! Hi ^ll^• S;J ^l^* lii.t il li-*!' a> \l^t*^ d^-Si .."ibtrHL bilt 

by piiIlinLT iii'ir^sid •>f pnsiiiuir l^\>-i- ... 

Th«-* dvxa/f -jiu'nal F'i'j:. ^M. is \\ni-'K.-Ml by a pair of 
solem.ids V. .V'. Tli^*'^^'. b«-inu' «-n»-'i'u*iz«-Ml by a riiiTent 
from tll^' »abin. lifr rh»- •rruiiieM-riu::,^ bar 3. frir»"-e np the 
siOTal rnd i< and rb>ar th^- ^i;:rnal. A sprin;Li: in the 

• olnmn. ■,. i^-^u.-ns Mi*-- ."inii tn '■h»: ln»L-i/i»ntal pos4ition 
w h»-*n rhe ••niT«-*nr is wirh«lrawn. [n this siirnal the in- 
tlirarion <i].i-'-;ir is ^•lu>i^•»i b\ rht- ••Miira«T points shown 
bf-tue^-n rh-- '^«.i'-:p.i«I'ii. J-isr b*^for»^ the siinial r«-a«:hes 
th*^* «'-b-ar r.«.^:M"ii rli^ li»^ -i'^-^isran«-e win«linir of the 
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Bulenoid is automatically put in series with the high 
resistaiice, so that the signal is held at all-clear by ^ 
ampere, althongh a (;iirrent of six amperes was used to 
move it 

The arrangement of tbe connections between a lever 
and itB switch on signal can be seen bv an examination 







of Figs. (14 ;md 65. Take, for fixaniple, switch No. 10. 
On closing the contact points at .r', Fig. 0.5 (lever No. 
10} current from the supply n llowB throii^li wire d. for- 
ward stops and armatures of relays r* and r' {in seriea) 
contacts of circuit controller ;i-\ wire g, pole changCT 
3^ (Pig. 64) motor of switch No. 10, wires x and b back 
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to generator a. Motor M^^, being actuated, moTes the 
switch. The movement of the switch changes the con- 
nection at r*, so that the next movement of lever 10 
will send a current through y instead of 2. 

The control of this lever by the rail-circuit is effected 
through track relay r*, Fig. 65, which is actuated by a 
current from battery ;, Fig. 64, which flows through the 
track from signal 9-13 to the crossing beyond switch 10. 
The armature of r*, when dropped, in consequence of 
the presence of a train on the track between ; and the 
crossing, opens the circuit through which the signal- 
man works switch No. 10. 

Both the "normal" and "reversing'- circuits of switch 
No. 10 are taken through the contacts of the relays r^ 
and r^ because a train may pass over this switch in 
either of its positions. Only the "normal" circuit of a 
derailing switch is taken through the relay contacts 
because a train is not to run over a derail when **nor- 
mal" and it may be desirable to "reverse" it with a 
train on the track section. 

The connections to switch 14 and signal 9-13 may be 
traced in Figs. 64 and 65. To reverse switch No. 14, or 
in other words to set for the main track, lever 14 is re- 
versed (pulled out) which puts the arms 27 and 28, Fig. 
65, in contact respectively with blocks 26 and 25. This 
closes a circuit from generator a through wire c, block 
26, arm 27, wire 0, contact block 31 (Fig. 64) arm 32, 
armature of motor 6, arm 35, block 36, wire s, field coils 
of motor bj wire 42, back to generator a. When the 
switch is completely closed and locked the pole changer 
h is thrown over so that arms 32 and 35 are taken away 
from 31 and 36 and put into contact with the blocks 33 
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;iud 34 respecfivoly. Tbis closes a circuit from the 
switch motor to inditation mngnet 20, (Fig. (if>) tbrouf;li 
wire r, arm 35, block ;U, wire <i. mm 2S. block -2:,. man 
Tiet 20, wii-es e niid 42 lo li.-l.i r.iils of iiK.lur h. This 




i<'ig. 6J. — I'art of Tayiur Electric Interlocking Machine 



enerKizea the magnet 20 and releases latcli B (see Fig. 
66) so that lever 14 can bi- pulled to the end of its 
atrokp. This final movement of leTerl4 loIiMsesleyer it. 
lleTersal of lever pnts the arm of the electrip con- 
tiolling switch 3 (Fift. (15) into contact with block 2. 
This closes a circuit from genernlor ii through wire r, 
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block 2, arm .% wire wi, contacts 38, 39, 37, controlled by 
the rails of switch No. 10; it continues through wire t«, 
magnet r, signal motor a and signal circuit controller e, 
wire 51, controller f g, operated by switch No. 14, wire 
s, field coils of switch motor h, wire 42, back to the gen- 
erator a. 

When the signal arm has moved to all-clear the cir- 
cuit controller c is moved so that it no longer connects 
43 and 45; but the above described circuit is shunted 
around this break by the brake magnet i. This holds 
the signal in the all-clear position as long as lever 9 
remains reversed. The movement of the circuit con- 
troller c when the signal goes to clear, connects con- 
tacts 43 and 44, thus closing the circuit to the distant 
signal. This circuit thus depends on the home signal 
being clear. 

When lever 9 is put back into its normal position arm 
3 is put into contact with block 4. Then as the signal 
returns to its normal position the last part of the move- 
ment of the blade replaces circuit controller e so that 
it connects 43 and 45. This closes the circuit contain- 
ing the signal motor a and the indication magnet 9 in 
the cabin. The signal motor armature is rotated by 
the fall of the blade, and the current generated by this 
rotation flows through wire m, arm 3, block 4, magnet 
9, wires e and 42, field h, (Fig. C4), wire j, points f and 
43, circuit controller e, field coils of the signal motor a 
and back to the armature. This current serves the pur- 
pose of retarding the fall of the counter-weight of the 
signal and also of energizing the indication magnet 9 
(Fig. 65) wiiich releases the latch and permits lever 9 
to be moved through the final portion of its stroke. 

THE END 
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HIGHWAY CROSSING ALARMS, 
The various Signa! Systems above iluacribuil are de- 
sij.'iied and inatalk'd for the protection of human lire as 
well as the expensive freight and machinery of the trains 
KnA to prevent accidents from collisions or misplaced 
switdiM, Other points of danger along any railroad are 
the unguardi'd public highways, where numerous acei- 
dtiilB occur aliiiost dally, resulting in the sacrifice of hu- 
man life and properly and heavy monetary expense to 
the company, as is evinced by the records in the office of 
the claim agent. 

Several methods nf guarding against these accidents 
at hijrhwiiys are in use, IJie most common methods being 
the use of safety gates, attended by flagmen or automatic 
ehetric signals, which sound an alarm at the crossing 
on the approach of the trains. The large first cost of 
installing gates and suitable houses at highway crossings, 
together with the annual expense necessary to pay cross- 
ing watchmen, has resulted in a desire on the part of raii- 
Tond officials to seek some cheaper, more economical and, 
if pn-silile, more effieient means of jruarding the high- 
ways. This means is fouinl in the Hiuhinuift Crossim/ 
Ahirm. 

For the benefit of llio-e who are unfamiliar "iili the 
mechani.-^m and operalioii of the Highway Crossini; Alarm 
a shore description is herewith sithmitted. 
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A successful Highway Crossing Alarm should embody 

ihe following features: 

> 

First — It should sound the alarm as long as tnere is 
any element of danger a])])roaehing the crossing. 

Second — This alarm must he given whether there be 
one or more trains on one or more tracks, or whether 
approaching in one or more directions. 

Third — The alarm should continue to sound until the 
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last wlieel is past the liighway, mating every employee 
a witness to tlie fact tliat tlie Ik'II was ringing. 

Fourth — Tlie system sliould be so arranged that no 
false alarms can be given. 

Fifth — Tt should be visual as well as audible. 

Sixth — Tf it is desirable, J or any reason, to stop the 
bell when the engine crosses the highway, the alarm 
should then be so arranged that the signal will be given 
immediately after the train has i)assed the highway, if 
other trains are approaching. 
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Rt;\i;iUli— Any failiiiT '->( (]n> I CiKU rircujl or its iip- 
liurtenances should iinliciiti' itsi'lf iDiiiicdiiilcly by rin^^ing 
tlir bell. 

Eighth— TlieiT A\m\\<\ h,- no movin- iPiirl^ >'N,r|it tiio 
armatures of tlif relay ami bell, im Mt'i^'hts lr> \><- womul 
•up, no mercury contaetii to get out of nnU'i- jinl nn Cn'rx- 
ahl-^ batteries'. , 

Vinth — T!ii> apparatus should be ?o simplu tii^it :iny 
lineman can iustall aud uiaintain. and the adjustnu.'iil be 
madi' "(ill an ordinary ^cri'w driver and wrencb. 




"^ fin- «*-■ 

Till- CliieafTo Croffing Signal is constructed for the 
pur]ni-.i' III' prntecting highway crossings, and eousista es- 
srnliailyof tliree parts: 

I'irst— Traek circuit, with the neeessary baltcrie.s. 

S,,,.„„n— Tlic relay. 

TIdi-il— Tbc local circuit, cr)n<i-.ting of I.Nllrrv, bell and 
electric liglit. 

Tiie general arraii£oniui t of the wirin.i,' system i^ sliown 
ill Fi-r. fi5. Fig. 66 illustrateB the r-'laj, whii'h is very 
similar to the ordinary telegraph relay, fhe adjustments 
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being identical. All parts are mounted on a highir pol- 
ished slate base. The magneto arc euca^ctl in a liard 
rubber weatlnTproof raiding. The metal parts are heaviiv 
lacquered and the electric contact points, of which there 
are but three (3|, are made of extra hard platinum to 
resist mechanical ami electrical wear. 

The electric contacts on the relay have a mechanical 
sliding motion, making them self -cleaning. All nuts and 
screws, as well as all other parts, are intL'rcUanareaWe. 

The binding posts are of 
the ordinary lock nut pat- 
tern to obviate any chance 
of loo.se connections. 




The relay- is usuiill^y placed in an iron relay box, as 
§hown in Fig. 67, on the same pole with the Ml, about 
four (4) feet from the ground, where it is easily acces- 
sible for iiiNpeetion. 

Tlic bell, which is illustrated in Fig. fiS, is placed on 
tho siniie pole with the relay, usually about fifteen (15) 
feet above the ground, wiiicli has been found more satis- 
factory in practice than placing the bell at a lower ele- 



I 



It U out of the way ot midctiiovoufl uo.va aiui 
llip sound will Ijc cari'icil to a greater distanci;. 

The mechimisiii "f I lie Ik-H, "liii-li U 
extremely t^iiiipli^. i^ iruloM'il in a wi'iiiln'i- 
proof iron casiiifT, slion'ii in tliL- lop vi ciii 
Fig. 68. ■ The gong is twelve iudicr; i ii 
clinrnetM', nimle of crucible steel, giviog it 
a lone of great [xnietratiiig tiuality. The 
muL'haTii^m iniisists of a pair of powLTfiil 
eleclv'i-iiiiigiK't.'^, wound so as to give a |l'li| 
powLTfiil stroke, using a itiiiiiiiium amount 
of current. The electric contacts are 
trijile eliding contacts, self-cleaiiiDg, and 
HK iHiidc strong and durable. 

Tile battery opcnitlng the bell U placed 
in attimn covered receptacle at (he base 
of the pole. The track batteries, which 
are lilt' ncdiuary telegraph type, are placed 
in a fivi-^i and wati;r ]iroof cast iron elnile, 
illustrated in Fig. fiSi. The cover is illin- 
ti'iiled in tig. Tll. This chute is sinijili' in 
its cijM^lniction, nHording a perfect pro- 
tection ill the wire.'?, where they enter. The 
cover is fastened by a strong lock rod, whi 
throBgh the top of the chute and the flauf 
cover, all of which is clearly shown in Fig. TO. 
_ ^=^^_ The track chvuit is bonded at 



1 passes 
ot the 



h joint 



V^ I^^^^B with a pair of Xo. 8 wires, jihieed under- 
Ghannel Fin. neath the angle har and attached to the 
raila by means of chanQcl pins driven through llic web 
cf the rail, thus insuring perfect electrical contact. 
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F.I. 71. 

tgrat or apirntor, priag riaui and sadiUr^ ioAcstaan to 

tiw axral Uut a traut b appnaeiiii^ and the bell tn^ii^ 

A •u»lar'l iiMallalioD at a ^b^ tr»ck troming and 

the opentim of the M\ are ^ho«ii in Fi*, 72. wiuA shaws. 

I j I — aat tbtfcwK, 
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two iiMiiis approaching tlio crossing. Tliis diagram shows 
fhi' importance of ringing the boll until the last pair 
of approaching trucks have passed the crossing. 

Fig. 73 illustrates tho oporation of the boll giving 
warning for switching movement. If a train should ap- 
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■^BELL RINdlNa 



I - seLL STOPpeo 
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f «&/Me COUPLED TO CAP 
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— BfLL NOT flIMOinC 



=fc^ 



'BELL^TOPPeO 



Fuj. ■;.(, 
proaeh from tlie ieit at a limo wKen an engine aad cars 
are on the sidetrack, the bell would comuifncc to rin?: at 
the insulated joint furthest to the left— that is, approxi- 
mately 2100 feet from the crossing. If, however, there 
is no train approaching from that direction the bell is 
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COMPANY 



SPECIALIST IN 

AUTO- 
MATIC 
BLOCK 
SIG- 
NALS 



THE HALL i 
SYSTEMS OF 
AUTOMATIC 
ELECTRIC 
BLOCK SIG- 
NALS FOR ) 
RAILWAYS. I 
S E M A - 
PHORES and 
ENCLOSED 
DISKS. 

NOItMAL DANGER 
AND NORMAL 
SAFETY SYSTEWS. 



SOLE OWNER OF UNITED 
STATES LETTERS PATENTS' 



OPERATrNG , 



BLE HETHOU; 



THE HALL 
SIGNAL COMPANY 

•5 BROAD STRLET. NEW YORK 

25 rue d'EdimbourE, Brussels monadnock block 
28 Victoria St., London. CHICAGO 













- *...:. A-T',v.*7:s =iE:rs:c blocs 
t.::.Tit.f', ■fy.'j^. Wif'. re :9'>3 Tebe 

>.:,;, ^.''^NAL;. y. A\ ■_' ? ACTCBED 

ft :,:,?-:- B y the 



83 

A .«» ,0 , 

HAI.I. SIGNAL COMPANY 



ADVERTISEMENT 



A REVOLLTION IN AUTOMATIC 
SEMAPHORE SIGNALING! 



THE HALL SIGNAL COMPANY 

Now ofEera to railroad companius an entirely new auto- 
matic Semaphore Signal operated by liquid gas and rontrolled 
by electricity. 

This Signal represents a revolution in the art of automatic 
hignallng on railroads, and wLen ail its merits are generally 
known it will doubtless commend itself for general adoption. 
As a result of a series of practical tests covering a period of 
several months the following claims are confidently made for 
the new device: 

First. — It is the simplest Independent power Automatic Sema- 
phore Signal in existence. 
Second.^It is consequently less liable to derangement than 

any other Signal of its class. 
Third. — It is the most economical Signal of its class to main- 
tain, both for labor and material. 
Fourth. — It Is absolutely frost proof, as the gas employed for 
Its operation will not be affected by natural temperatures. 
Filth.— it can be used in connection with any system of 

circuits. 
Sixth. — It can be furnished to be forced to danger as well as 

to be forced to safety, if desired. 
Seventh. — It is the most subetaiitiaily built and consequently 
will proiu. (o possess more life in strvice than any Inde- 
pendent powei signal in the nn kel to-day. 
The Hall Signal Company is now prepared to furnish this 
Signal to railroad companies at a reaoouable price, and to 
guarantee it to be lullj as lepresented As the Hall Signal 
Company io the scle owner of his remarkably valuable con- 
tribution lo the signaling art, and as consequently the United 
States Letters Patent applied for will undoubtedly be of che 
broadest possible character, all intending purchasers ar.' 
hereby warned to respect the Hall Signal Company's rights 
in the same. 

THE HALL SIGNAL COMPANY 

NEW YORK CHICAGO LONDON BRUSSELS 
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LIST OF RAILWAY COMPANIES USING 
THE HALL SIGNAL COMPANY'S SYSTEMS 
OF AUTOMATIC ELECTRIC BLOCK SIGNALS 



Atchison, TopekA & S&ca Fe. 

Bo«tOi. Sc AlbilLJ. 

BAlcimure 6c Ohio. 
Boston ft: Mniii^f. 

Bfrlj^iUDi. 

t.'ana'liaL Pacific. 
Central Vermi^rit. 
ChlcAsS',, Ko«k Island i Pacific. 
Chi^.-ago Jl N'.rh W«-s*e.-n. 
Cincinnati. Ilaniiiton Ac Dayton. 
Chicago. Milwaukee 6c St. Paul 
Chicago & Eastern Illinois. 
C. B. E. 6c O. Street Railway. 

C. 6c X. Y. Tniction Co. 
^;iry Ky., Madisonvil.e. 

Chlr-.. St. Paul. Minn. 6c Oo^aha. 
CoMimba.*. SandOftky 6c Hr^eking. 
^.hi':.. New Orleans a T-i. Pac. 
Chicasro 6i Alton. 

Iiej:iware d: H ■;•!-«>:. 

D'-lawar*', L:i'-k;i"iv;«:,:..i Jt West. 

D. A: W. 7. 

Erie. 

Erie A: Wyonil:.;< Val.ey. 

Fairrr;ou:.r P;jrk T::io:i-.L Co. 

Oraiid Kapld- .v I :.«li ;::.;!. 
f'iri%u*\ Trnr.k. 



Illinois Central. 

Kat. City. Ft. S*-.>:t Jk Memphii 

Lehizh Valiey. 
Los Angeles T»-r. Co. 
Lake Shor« 6c Michi^r. So. 
Louisville A- Na-hville. 



Me:. Uii'l* rjr-.':n«! ■Frar.c". 
Mi'^hi^ar. Cer.tra!. 
-Mi'ii iFr.iiioe*. 

»w Y'.-rk. CLicaso jc Sr. Louis. 
N»-w J<-r^ey A: New York. 
N. Y. C-ntral 6c Hudson Rirer. 
N. Y.. New Haven & Hartford. 
Norfolk 6c WL->tern. 

Oregon Sh-^rt Li:i»-. 

Philadelphia A: Roa«l::.g. 
Paris. Lj'iiis a: M»:d 'Fraii-ei. 

Staten I%lai.d l:api'l Tran^'lt. 

Sidnf-y A: LoiNbrr;:. 

Southern. 

Switch Back. Mu::- h <'hu!ik. 

Southf-rn Pa«-ific. 

St. Louis. Kerikuk i No. West. 

r.'.ir.i:; P.TPjrip. 



THE HALL SIGNAL COMPANY 



NEW YORK 
CHICAGO 



LONDON 
BRUSSELS 



AUVEKTISEMENT 



TaLylor Signd^l Compaivy 

M«ln Office and lV«^>c.. -- Bufflvlo, N. Y. 

W«it»ra Office, Monadnock Block, Chica.gO 

Manuf»<urcrl oi Ihr 

TAYLOR ELECTRIC 
INTERLOCniNG SYSTEM 



Every Hallway Official interested in securing ilie very t 
system of inierloclting for his line should carefully 
read and investigate the following claims 
made far the Taylor System. 
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ADVERTISii.MICNT 2^1 

2. — The Tajloi- is the only powei' syslym ihat tan be satisfactorily 
emplojtd foe the operation of plunls bavine a small number 
of BWitches and signals. The Taylor System is in satisfactory 
service where as few as sis working levers are employed, and is 
perfectly adapted for use at all junctions, croaaiugs, draw- 
brldsee, tunnels, stations, yards, passing sidings, etc., where tbe 
diatanceB between extreme switches or signals are greater than 
can b« safely or satisfactorily covered with a mechanical plant, 
even though there be only a very few signals and switches 
to be operated. 

3. — ^The coat of producing power for the Taylor System will rarylj 
or never exceed one per cent, of the cost in any other power 
system. For example, if in a system using compressed air 
for operating switches and signals the lost of oal and sei\ices 
Of met employed lu rnnning power plant is $40000 monthly, 
the total cost of producing power for a Taylor plant doing 
pre s h the '.ame work will not exceed four dollars ratfnthly 
Alanf times more electric current is conttumed in certain power 
I lantB for vahe control and indication purposes only, than is 
uied for both operation and indication m a Tayloi System 

4.— T^L 'o« of mantenance and renewals in a Tavloi plant will 
be onl\ a very small perceulage of tic c.ost of maintenance 
and leueivala n an\ other power plant This can be readily 
I nderetood from the fact that moie teet of electric conductor 
Me empl03e<l m ertain power plants than would be used in a 
1 lylor and in addition there ait- all tbe pneumatic pip^s in 
oLh"r pni er plants more feet of iron pipe are used than feet 
of 111 "Ic trie conductors in a Taylor System and anione 
hav ug \perieiii.e with the lapid detci location of iron pipes 
plated in the soilt, found about railua^s will ha\e no difficult; 
m nndentanding how much shorter lived these underground 
P pee will be than well inautateii copper wires placed in a suit 
able conduit above ground Noi will it be difficult to under 
■tend bun much more eostlj it will be to make repairs to such 
pipes placed several feet underground than it wiil be to repair 
a bleak ur a leak n an above ground elei trie wire 

r>, — The Taylor S>stem s absolutely unaffected by change in tem 
peratnre, other porter systems sometimes eiperience v-iy 
icrlooB troubles during extreme cold weather 



TAYLOR. SIGNAL COMPANY 

Main Offica anaiVorki. . BUFFALO, N. V. 
IVe^tera Office. Monadnock Block. CRICAGO 
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ADVERTISEMENT 

lihe Low Pressure Pneumi 
Interlocking Signa.1 Sysi 

is the cheapest to maintain, easiest 
to operate, and safer than any sys- 
tem of power signaling in the world. 
In use on the New York Cenrral 
& Hudson River, Erie, Philadelphia 
& Reading, Long Island, Chicago & 
Western Indiana and other railroads, 

1,000 Levers Under Conti 
on Or\e Eng'lisK Rail-waj 

In the Grand Central Yard, New 
York City, there are 135 signals, 
121 switches with 135 working levers 
and 16,000 lever movetnenis per day. 
T Labor cost, maintenance and cost 

of material for maintenance one-half 
that of any plant of this size, 
equipped with any other system. 
Experience of three winters at 
Buffalo has demonstrated, beyond 
any shadow of a doubt, that low 
pressure air does not freeze. 
Barring snow between stock rail and 
switch points, the system works 
equally well In winter or summer. 

PNEVMATIC RAILWAY SIGNAL 

Beckley Building. HocKcster. N. Y.. V. 
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haw Pressure 
Pneumatic InterlockiDg 



tAechatncal InterlockiDg 



Block Signaling 



EVr^YTHISG IN ABO^'E- LINES 
Ofr DELATING TO SAME 






S<« f>^ ^7'y />5'r«f L/>-«r Pfcia«rc PrjC'sm^ttc Marftinr 
At "^^fTktA ^'jtfArni ^xttCffh New York Qty 
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BLOCK SIGNALING 

Safety and Increased Traffic Capacity 

Recent installation on a prominent line 
increased tlie traffic capacity SO per cent. 

Controlled Manual Block Systems 

The Union Lock 
and Block System 

FOR SINGLE AND DOUBLE TRACK 

The Union High Speed 
Train Staff 

COMPLETli PROTECTION FOR SINGLE TRACK 



The Vnion Switch and Signal Co. 

Gencnl OFIlcc and Work> 

SWISSVALE. FA. 
NEW YORK CHICAGO 

IVentmorth Building 
BOSTON 



b AUTOMATIC 
I BLOCK SYSTEM 

I ELEC 

■ SEMAP 

I Wireless ( 



ELECTRIC SIGNALS 

SEMAPHORE and DISC 



Wireless or Polarized Track 
Circuits 

Westinghouse 
Electro-Pneumatic System 

Track Circuit System 

FOR ELECTRIC RAILWAYS 



The Vnion Switch ^nd Signal Co. 

Cci>cr«.l Office B-nd Worki 

SWISSVALE, PA. 
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INTERLOCKING 

Terminals 
Junctions 
Draw Bridges 
Grade Crossings 

The Westinghouse Electro-Pneumatic 

THE IDEAL POWER SYSTEM 
TOR LARGE INSTALLATIONS 

Frogs, Switches, Slips, 

Switch Stands, Etc. 
Highway Crossing Signals 



The Vnion Switch md Signal Co. 

General OKIcf and Wnrlt. 

SWISSVALE. PA. 

Haorrrtrvrr Btiliaing Monadnock Building 

NEW YORK CHICAGO 

BOSTON 



Z.'s V in ''.U^'.^KAI IfLNT 



RAILROADS 

SUPFLItD 

IMMEDIATELY 

WITW 

ELECTRICAL MATERIAL 



FOR 



TelegrdLpK 
TelepKoAe dLnd 
SigfidLl Systems 

BA.tteries, Bells, Wires, TelegraLpK 

Instruments, ^Lnd Supplies 

of a.11 Kinds 

t 

SHIPMENTS DIK.ECT FHON STOCK 



r.LECTRICAL SUPPLIES 




• •svMfnr 




264-266-268-270 Fifth Avenue, Chicago 



ADVERTISPIMRNT 



sLS^N/;. 



r^HE BEST ^V1RE 
li^^l is none too good for 
use ^vitK tHe BlocK 
System or anywHere else 
tKat GOOD insulation is 
required. ^ For "wrearing 
qualities OKONITE HAS 
NO EQUAL, the insula- 
tion being' far superior to 
any other. .... 

IT IS MADE TO LAST. 

GENERAL Wt.STERN AGENTS 



264-266-268-270 Fifth Avenue, Chicago 




Thay f[ioe a perfectly steady tight 
Mequire Utile attention 
JIre no expenie except ujhen 
a^ualty furniihing lights 



GASOLINE ENGINES 'pSJ 



ALL 

IWOSES 



f 



tAAUnU *TATIOf«S, WATCI. STATIONS. NACIIK 

roft orenATiffG rvicriTABLes, ballast loabck^^ 

COftCKETe HIXER-S. ^ -f ^ * •* ^ ^ 



FAIRBANKS, NOR.SE ®. CO. 

L«iry»i|l> St Laiiu Liu Aiiaela 
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COMPACT, ECONOMICAL 
RELIABLE 

It's fin ideal outfit -wherever compressed air is used 
- for signal -worK. pneumatic tools, spreyiti^ and 
painting, air lifts, etc. Can be mounted on flat car, 
if portable outfit desired, or set on permanent 
foundations in sHops. Write us for further 
particulars 

R.eli&ble R^aLilweLy Supplies 

HAND CAR.S, PVSH CARS, VELOCIPEDES. MOTOK CARS, 
HAIL BENDEKS. TRACK JACKS. TR.ACK TOOLS, CATTLE 
CVARDS, TANKS AND flXTl'RES. -^ -^ ^ ■^ ^ ^ 'f 



FAIRBANKS, NORSE ®. CO. 



•213-J: VDVZRTLSEMENT 

Edison Primary Batteries 



Forwerty kaiiwn ms EDfSOTH.LALA.'HOE 

••type 83" 
LEADS THEM ALL 



STANDS THE COLD WEATHER 

In a comparative battery test aade by die Union Switch 

and Signal Co. daring last winter, in whicii ALL MAXES of 

Canstic Soda Batteries on the market WESE SUBJECTED TO 

THE SAME CONDITIONS, the EDISON-LALAKDE BATTESY 

TYPE SS WAS THE OHLY BATTERY THAT DID NOT FAIL 

nr THE EXTREME COLD WEATHER, bat continned to work 

the signal without interruption until the charge was entirely 

exhausted. 

WriU far C^mlogmm No 42 

EDISON HANUFACTURING CO. 

Factory. Orange. New Jersey, U. S. A. 

New York 0*cc. 135 Fifth Aver.-^e. Cr.-I^ayr 05:ce. 144 Wabash Avcnue. 
Fjr'igr. T'etirrrr.-i-t. 1: Ceiir Street. New York. 

BAIRD'S SIGNAL GLASS 

Nels Signal YELLOW Nels Signal RED 

PatMted Jan. 22. 190* < S*M 

Nels Signal GREEN 
Nels Signal PURPLE Nels Signal BLUE 

Baird's Nels signal glasses are of perfect and uniform color. 
Baird's Nels red Is the onl) glass that is red clear through. 
Baird*t Nels yellow is the product of exhaustive experiments 
made on the New York, New Haven & Hartford, and Is the 
standard signal glass on that road. Has been In general use 
for several years and gives perfect satisfaction. . . It It 

THE ORIGINAL DISTINCTIVE DISTANT SIGNAL 

JOHN C. BAIRD 

83 Franklin Street, BOSTON, MASS. 
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